Some Aspects of the Philosophical and Mathematical Foundations of Modern Physics by Ansari, M. Habeebul Haque
SOME ASPECTS OF THE 
PHILOSOPHICAL AND MATHEh4ATlCAL 
FOUNDATIONS OF MODERN PHYSICS 
ABSTRACT 
THESIS 
Submitted in partial fulfilment of the requirements 
for the award of the degree of 
Mnttov of |pi^tlosio{ri)P 
Under the Supervision of 
Piofessor M. ZUlnr Rahmaii Khan 
By 
M. HABEEBUL HAQUE ANSARl 
M.A., M.$c. 
DBPARTMENT OF PHYSICS 
ALIOARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1995 
S O M E A S P E C T S O F T H E 
P H I L O S O P H I C A L A N D M A T H E M A T I C A L 
F O U N D A T I O N S O F M O D E R N P H Y S I C S 
A B S T R A C T 
CHAPTER (1): 
That History and Philosophy of Science is a neglected 
area in this part of the world is no secret. When Professor 
S.M.R.Ansari was appointed as the Professor of History of 
Medicine at Hamdard University, New Delhi^ he was fond of 
pointing out that it was the first chair of its kind in the 
whole of Asia. That apart, there is not a single Department 
of the History and Philosophy of Science in any university 
in India. One of the consequences of this shortcoming is 
that either there is a mad rush, v.'ithout much thinking, for 
everything Isciefit'lfic in the spirit of ^scientism', or there 
is obscurantism as the reaction to this unthinking scientism 
in which, as stated by the positivists, the age of 
mythologies refuses to budge and pass into the higher realms 
of metaphysics and positive science, with all its attendant 
consequences for the polity and ethos of the country and its 
people. This humble thesis can be seen as a modest attempt 
to set the ball rolling in the direction of further fruitful 
studies in the history and philosophy of science in India so 
that the universities can play a better role in shaping up 
the thinking of the people for a better world for today and 
tomorrow. 
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CHAPTER (2): 
In recent times, philosophies of science have been 
sought to be grouped under the headings of logical 
empiricism, critical rationalism, neo-realism and dialectic 
materialism [Naletov 1984]. In our chapter *0n the 
Methodology of Physics' and the Appendix entitled 
'Phenomenologism as Anti-Realism' , we have looked at 
phenomenalism and realism as they refer to the methodology 
followed in physics. Phenomenologism has been sought to be 
justified as a more truthful exposition of physics by Nancy 
Cartwright but her attitude, as claimed by herself, is one 
of anti-realism [Cartwright 1983]. Husserl's phenomenalism 
endorses Hume and finally reduces to anti-realism as 
explained by [Hasan 1928], but Cartwright is critical of 
Hume and clarifies that her stance is different from the 
extreme anti-realism of the constructive empiricist van 
Fraassen and the positivist Duhem. Our study of 
phenomenology of hypernuclear and other physics should 
perhaps be seen as case studies in physical realism rather 
than anti-realism, although we feel a debate at a more 
exhaustive level is not inappropriate even at this stage. 
Modern Science progresses by the interplay of 
theorization and experimentation. It is often implied that 
Galileo Galilei (1564-1642) was the first major proponent of 
the new scientific method. In actual fact, scholars of the 
European middle ages depended heavily on the ideas that 
originated with the central and west Asian scholars who 
wrote in Arabic and Persian languages during as early as 
tenth and eleventh centuries A.D. In the works of Ibn al 
Haytham (996-1012), for example, V e find quite explicitly 
all the elements of the modern scientific method namely 
observation, hypothesis-advancing and model-making, design 
of experiments to test the consequences of those hypotheses 
and finally upgrading the hypothesis to a lav if found 
correct'. The influence of Ibn al Haytham can be seen in the 
works of Roger Bacon (ca 1214-1294), and the subsequent 
development of science in modern times. 
As of today, the stage of theorization has not reached 
the same level in different disciplines of physics. In the 
study of nuclei, for example, one hardly has anything that 
can be classed as a proper theory except for very limited 
purposes. The difficulties are mainly those of a many-body 
problem which are compounded in the nuclear case by the 
nature of the the force. Whatever little nuclear theory that 
exists is phenomenology of one kind or the other, even when 
couched and camouflaged as microscopic theory. 
Scientific methodology in physics is also characterized 
by the following general features: 
1) Old ideas keep coming back: as, for example, when we 
see that 
a) The photon is the hieir to Newton's corpuscle, or 
b) Today's about ninety stable or fairly stable 
elements are a revival of the idea of four basic elements 
constituting the world as conceived in ancient philosophies, 
or 
c) Today's idea of the atom is a reminder of the fact 
that theories about atoms had been mooted as early as 
thousands of years ago. 
2) People do not have monopoly over ideas: as, for 
example, when we see that 
a) the idea of the nucleus was first given also by a 
Japanese physicist (apart from Rutherford), 
b) idea of synchrotron action was also given by Veksler 
in Europe (apart from Mcmillan), 
c) the idea that the nucleus consists of neutrons and 
protons was also given by Ivanenko of Russia (apart from 
Heisenberg), and 
d) the idea of the wave theory of light was also given 
by Euler (apart from Huygens) , but it was given by him for 
pulses rather than for continuous waves. 
3) Research today sometimes involves not one or two 
persons but rather entire teams of workers; 
This is particularly so in Nuclear and Particle 
Physics. This means that costs of doing experiments can also 
be enormous. For reasons of costs and for other reasons as 
well, this has resulted in centres such as CERN in Europe 
or, at a smaller scale, the Regional Sophisticated 
Instrumentation Centres in today's India to be established. 
4) A further division of physics into theoretical or 
experimental is a relatively recent development; More 
recently, theoretical work in physics has been further 
divided into either Theoretical Physics (which is concerned 
mainly with doing physics using mathematics with emphasis on 
the former) or Mathematical Physics (which is concerned 
mainly with mathematics and uses physics as an excuse to 
apply advanced mathematical methods). In India such a 
separation does not appear to have taken place even now and 
genuine mathematical physics does not really appear to have 
grown in Indian universities. 
In recent times, four meta-principles have been used by 
physicists as heuristic guides with varying success. These 
are as follows: 
1) The Observability Doctrine; according to which only 
those qualities should be introduced in physics which are in 
principle observable. On closer examination, it is found 
that in constructing theories of physics many unobservable 
quantities are also found to have been used or investigated. 
2) The Principle of the Unity of Nature; In one 
version, this principle refers to the ontoloqical belief 
that the whole of nature consists of a single substance. In 
another version, this principle refers to the methodological 
belief that all of nature is amenable to the same kind of 
theoretical treatment. Many examples of it can be given. 
3) The Principle of Plenitude; Accortding to this 
principle, if something can be conceived as possible, it must 
have physical reality also. This principle has been used to 
argue for the existence of new elements in the periodic 
table, of anti-electrons, tachyons, magnetic monopoles, 
particles of higher spin, etc. Arguments based on this 
principle amount to attempts at trying to deduce physics 
from mathematics and stand in opposition to the empirical 
inductive methods praised by positivists. 
4.) The Principle of Mathematical Beauty; According to 
Dirac and others, in addition to simplicity, beauty of 
mathematics was also important and if a clash took place 
between simplicity and beauty the latter must take 
precedence. It amounted to making mathematics something 
absolute like God. It was a sort of neo-Pythagoreanisro. On 
closer scrutiny we find however that Dirac himself discarded 
his principle, as when in 1958, he rejected Lorenz 
invariance for writing Einstein's equation for gravitation 
in Hamiltonian form. Similarly, Pauli's rejection of the 
two-component equation of the neutrino was also misconceived 
because parity was indeed found to be violated in weak 
interactions as shown later by Lee, Yang, Wu and others. 
Moreover, Dirac's persistent efforts at deriving an 
aesthetically satisfying quantum field theory all ended in 
failure. 
Edmund Husserl (1859-1938) , a mathematician who turned 
to philosophy, was the founder of phenomenologism in modern 
times. He tried to rid the theory of knowledge of too much 
^psychologism'. Husserl affirms the objective reality of 
objects of thought while he has it, like Brentano before 
him, that mentality is always intentional and directed 
towards an object of thought. Husserl affirms the existence 
of individual concrete things and says that these are known 
through perception. Thought and perception, he says, are two 
ways in which we grasp an object with intuitive certainty. 
The object may appear differently to a subject from various 
points of view and these appearances, according to Husserl, 
can be infinite in number. Science is concerned not so much 
with subjectivistic appearances but with concrete objects of 
experience which are real. The object itself is one and 
self-identical, therefore it and its qualities are 
transcendental whereas thought-determinations that science 
adds to mere perception of the concrete objects ^ while being 
universals are nevertheless not concrete or real. 
In more recent times, Nancy Cartwright has argued for 
phenomenologism by saying that theoretical entities of 
physics are real but theories themselves are merely helpful 
guides for organising data and are not necessarily ^true' or 
^real'. She, unlike van Fraassen or Duhem, believes in 
causes and is therefore not an extreme anti-realist like 
them. 
As against Husserl or Cartwright, Roger Penrose affirms 
Platonic idealistic -realism when it comes to mathematical 
theorization in physics. 
Use of phenomenologism has led to many insights in 
physics, as for example the fact of the relativity of 
magnetism, or the experimental fall of intensity of 
radiation incident on a block, or Cauchy's formula in 
optical dispersion leading ultimately through Kramers and 
Heisenberg to the discovery of Matrix Mechanics, or the 
Dulong and Petit's law leading ultimately to quantum theory 
of specific heats etc. 
At Aligarh attempts have been made to give semi-
empirical formulas for hypernuclear binding energies 
•/excitation spectra. As explained in the text, this approach 
need not be thought of as too simplistic. 
There is also scope for an intermediate phenomenology 
where formulas can still be kept in manageable form while 
numerical results can be generated in a short time. The main 
aim of semi-empirical, as also intermediate phenomenologies 
is to be able to make new predictions. 
As illustrations of the semi-empirical and 
phenomenological approaches of scientific investigations in 
physics, we give in the text examples of calculations done 
by us. These include: 
a) Low energy A-p scatterring and p-shell hypernuclei 
[Ansari 1986] 
b) A-wave functions and densities of Nuclear Cores of 
some p-shell hypernuclei [Mujib 1979, ahmad 1985] 
c) A-binding in some light nuclear isobars, and 
d) A-A force from the study of AA-hypernuclei. 
We also report on some other phenomenological studies 
by us as for example in Atmospheric Physics and comment on 
the chaos associated with Cold Fusion. 
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CHAPTER (3): 
The march of science is characterized by the 
elimination of the obscure and the unintelligible, and its 
replacement with rational and testable knowledge. Yet, it 
can be as much a question of hermeneutics and semantics as a 
question of syntactics or simple logic. We look at these 
issues in our chapter called 'On Some Mathematical 
Improprieties in Physics' . In the process we find many 
insights into the working of both classical as well as 
quantum physics. 
We noticed several general features in our attempt to 
view the area of mathematical improprieties in physics; 
these were: 
a) Ignorable infinity 
b) Principle of permissible infinity 
c) Principle of elimination of infinity 
d) Principle of defining improper quantities 
We have, however, commentesd on these features in 
, passing and have in fact considered some aspects of 
mathematical improprieties in quantum and then classical 
physics in that order. Our treatment can be summarized as 
follows: 
11 
The language of physics is syntacto-semantics in the 
sense that mathematics provides the logical syntax 
(syntactics) to which is added a specific physical 
interpretation (semantics or meaning) to provide a complete 
physical theory. As we mentioned in connection with 
phenomenologism, the same material structure may be 
described by several mathematical structures, each with its 
own corresponding physical interpretation. At the same 
time, the same kind of mathematical equations may describe 
varied physical phenomena, differeing widely from each other 
in physical content. The relationship between physics and 
mathematics is therefore a rather complex one. 
As for use of mathematics in physics certain techniques 
are very common. As the differential equations commonly used 
are mostly linear, it follows that the superposition 
principle has wide applicability. Moreover, dynamic systems 
theory has it that the set of coupled differential equations 
dx" 
= F(x , c ) n = l , N m = l , M 
dt m 
cannot generally be assumed to be stable for N>2 and as an 
nth order differential equation can be written equivalently 
as n first order differential equations, it is clear that at 
a fundamental level, most physical phenomena are described 
by only first or second order differential equations. 
Thom in his ^Theory of Catastrophes' presents the view 
that fundamental processes of nature like morphogenesis must 
be described by topologies in dynamic 4-dimensional space-
12 
time rather than static 3-diinensional spaces. 
The idea of causality was attacked also by philosophers 
like John Locke. More recently, the advent of chaos or 
deterministic randomness has been mooted in place of 
deterministic predictability. Chaos affirms Maxwell's old 
saying that ^ the true logic of this world is the calculus 
of probabilities.' 
For the mathematician, in Hilbert's words ^The infinite 
is nowhere realized; it is neither present in the nature nor 
admissible as the basis of our rational thinking; a 
noteworthy harmony bvetween being and thinking'. Moreover, 
solution of the differential equation of a physical problem 
is taken to be finite, single-valued and continuous 
everywhere. Bur several examples of improprieties occur when 
it comes to the actual situation that obtains in physics. 
Examples are given below. 
A function may be square-integrable, as required in 
quantum meachnics, but it may not be dif ferentiable in the 
normal sense (as, for example, is the case with Heaviside 
function). The small error in the initial condition will in 
general not lead always to small error in the final value of 
the solution of the differential equation. Moreover, matter 
on the classical atomistic model may not be continuous. 
Spinor wave functions in quantum mechanics can be double-
valued. The 6-function, though an improper function, is 
widely used in quantum mechanics. The free-particle wave-
13 
function in quantum mechanics is not square-integrable. 
The usual reason given for why cos kr/r is an 
unacceptable solution for Schrodinger time-independent 
equation for l=o for the 3-D square well is that cos kr/r is 
irregular at r=0. There is no compulsion to reject cos kr/r 
a priorily on the grounds of the singlularity at r=0 because 
2 the probability in volume element being cos kr dr sini> di> dip 
is not singular anywhere. 
One possibility for rejecting cos kr/r is the principle 
of preference for Cartesian coordinates a la Dirac. 
According to this principle, the wave-function satisfying 
the Schrodinger equation for a central field of force in 
spherical polar coordinates must also satisfy the same 
equation in Cartesian coordinates. Therefore sin kr/r is 
acceptable because it is a, solution of the Schrodinger 
equation in Cartesian coordinates for all r but cos kr/r is 
unacceptable because? it is not such a solution at any r 
except at r—> ro,if at all the potential extends upto there. 
By integrating over a small volume around r=0 it can, 
however, be shown that cos kr/r is not a solution at r=0 
even in spherical polar coordinates. Rather, it is a solution 
2 
of the equation V ip = -4nA5 (r) at r=0. As empirically it 
could be decided if, in the region excluding r=0, inclusion, 
or otherwise, of cos kr/r is more correct, it could also be 
decided as to whether Dirac's Cartesian Preference rule, or 
the reason given here, is the more valid reason for 
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rejecting cos kr/r in this case. 
The nature of results in the above sense remains the 
same for 1 =4= 0 as it is for the case of 1=0. 
Flux in quantum mechanics is defined as 
S{r,t) = {0*V(^  - (V0*)(/.> 
2im 
+ ikr A e 
which —) 00 as r —> 0 for </> = . But if flux into or 
r 
out of a spherical volume is considered, that is not regular 
anywhere. 
The flux at a point is an abstract mathematical 
quantity because if it is known more precisely it will also 
be violative of the uncertainty principle. The flux across a 
surface being independent of r is quite acceptqable. The 
- +ikr A e 
singularity associated with at r = 0 is, therefore, 
r 
physically unimportant. 
In scattering problems, the mixing of regular and 
irregular solutions outside the region of the scattering 
potential uniquely determines the phase shift. Inside the 
potential only regular solution is taken because of r = 0. 
At some point the interior and exterior solutions are 
smoothly joined. If a prescription involving exclusion of 
irregular solution from interior region were not available, 
quantum mechanics would have required laying down of an 
axiom on the mixing of the two solutions starting at r=0 in 
an ad hoc manner. As it is we have been saved from such ad 
hocism. 
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In quantum electrodynamics, mass and charge 
renormalizations amount to subtracting one infinity from 
another to get as finite result. This is nothing short of 
blasphemy but when we compare calculated results with 
experimental measurements we get outstanding agreements. 
Such is the case, for example, with the Lamb Shift and the 
Anomalous Magnetic Moment of the electron. 
This subtraction of infinities also occurs in the 
standard model where, for electroweak interactions, if only 
the leptonic sector is taken into account, one gets 
anomalies but when both the leptonic sector and the quark 
sector are considered, the anomalies associated with these 
sectors are mutually cancelled. 
In many physical situations, descriptions in terms of 
potentials is used which however become infinite or 
discontinuous at selected points. The infinities have 
various interpretations. For intermolecular forces, it is 
the impossibility of inter-penetration of two electron 
clouds beyond a point. For inter-nucleon forces it is the 
exchange of heavier mesons reponsible for the hard core, for 
inter-quark (as also for inter-nucleon) forces harmonic 
oscillator potential is used to severely confine particles 
to selective regions of space. 
4 
In Rutherford scattering, because of cosec -Qjl term in 
the differential elastic cross-section, the total elastic 
scattering cross section goes to infinity. What this means 
16 
physically is that all the particles of the beam would be 
scattered in that case and this number is always finite. 
Dirac's relativistic equation implies an infinite sea 
of negative energy electrons. This implies infinite matter 
and charge densities at every point of space for a Dirac 
particle. This is eliminated by saying that it is improper 
to apply a one-particle equation in this many-particle 
situation but the correct approach is that of the field 
theory. A principle of elimination of infinity is thereby 
indicated. 
The Green function is an example of improper integral. 
It is a solution for a 5-function source but it leads to the 
solution for finite size sources. Although G(R,z), where z = 
A+is, is not well-defined, one can define 
G-(R,A) =gLtQ+ G.(R,A + is) 
which are well-defined and can represent outgoing or ingoing 
± ^ -f. _ 
spherical waves. With the help of G,G as also G=G -G one 
can study the 1-D, 2-D and 3-D free particle cases. Poles of 
G(z) decide whether bound states occur. For a weak potential 
well it can then be shown that in 1-D and 2-D wells a bound 
state exists no matter how shallow the well, but in 3-D a 
critical condition has to be fulfilled before a bound state 
is possible. Applications of this approach include trapping 
of electrons by a 5-function single-impurity-atom attractive 
potential in crystalline solids or the effect of a very 
slight attractive potential between a pair of fermions 
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leading to superconductivity. It is concluded that 
mathematical impropriety,as in the form of poles of Green's 
function/can be quite pregnant with physical meaning. 
The use of the causality condition (namely that the 
time the projectile spends in a scattering region is ^ 0) 
gives valuable information about the analyticity of the S-
matrix and helps one interpret the poles of the S-matrix 
physically. Poles on the negative real axis of the so-called 
physical sheet correspond to bound states. Poles on the 
negative real axis of the unphysical sheet correspond to 
virtual states while resonance states correspond to poles 
close to the positive real axis on the unphysical sheet. 
Self-energy of the electron, the Generic Big Bang and 
the Black Holes are three examples of singularities that 
occur in classical physics. 
In the case of diffusion of neutrons (assumed for 
simplicity to be of a single velocity) in a nuclear reactor 
in spherical geometry, the rejection of the solution cos 
Br/r is based on exactly the same logical grounds as were 
discussed in connection with rejection of cos kr/r in the 
case of the 3-D square well in quantum mechanics. For 
cylindrical geometry, the rejection of Y (Xp) is based on 
similar grounds, the argument for using averaged rather than 
point flux also remains similar in that even if <P{p) is 
singular, ^(p) is not if we define 
18 
Pz 
0(P) = -
Px 
P2 
I P'^P 
Py 
with p >p>p , and (p -p )/p small. Whether it is neutron 
flux 0 in a reactor or the question of temperature T in 
heat conduction, quantities like </>, V</), T, VT etc. taken at 
a geometrical point do not have an operational meaning 
except in the sense of averages over extended though small 
volumes. Moreover, since experiment seems to be in accord 
with the irregular as well as the regular solutions being 
both present in regions from where the point of singularity 
has been excluded, Dirac's Cartesian Preference principle 
does not seem to hold in such cases of classical physics. 
Following Stephen Hawking it is now argued that the 
problem of initial conditions has been done away with with 
regard to the origin of the universe. Use of quantum theory 
near the big Bang singularity involves imaginary time which 
behaves like space and space is as has been known finite 
but unbounded. Near black hole singularities, classical time 
comes to an end and it can not even be defined before the Big 
Bang whereas it can be defined susbsequently by way of 
analytical continuation. One therefore says that being comes 
from non-being and that in terms of imaginary time of 
quantum mechanics, the singularity at the generic big bang 
19 
disappears in the classical sense. 
The perturbation approach in quantum or classical mechanics 
actually involves infinite series and in nuclear and 
particle physics thesa are far from convergent and are 
mathematically meaningless, but as has been remarked earlier 
the physicist uses them,, appealing to agreement with 
experiment as the ultimate argument. 
It has been argued by some (as for example Thom with his 
catastrophe points) that occurrence of infinities, instead 
of being an embarrassment, can turn out to be benign. 
Moreover, as shown earlier, a quantity taken as infinite in 
one framework (as e.g. superconductivity in London's 
phenomenological approach) is quite finite in the other 
(e.g. BCS theory). 
It is suggested that developments in quantum mechanics 
have encouraged departures from rigidly defined positions 
and assertions in pure mathematics as e.g. Brouwer's 
intuitionism in which the law of the excluded middle is 
criticized,or use of fuzzy sets in electronic devices, or 
Godel's proof of the impossibility of simultaneous 
consistency and completeness of axioms in mathematical logic. 
It is concluded that the problem of adding physical 
interpretations to mathematical syntax used in physics is an 
area of on-going physical research in which newer and more 
interesting surprises are in store for the physicist. 
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CHAPTER (5): 
Questions of semantics and syntactics are carried over 
into the chapter 'On the Absolute and the Relational in 
Space, Time, Matter, Motion and Cosmology'. Further reasons 
for our study as in this chapter were as follows. During the 
sixties, philosophy of science was sought to be developed in 
terms of positivism, mechanism and naturalism [Durbin 1968]. 
Among the themes considered basic were inertia, atomic 
(including elementary particle) structure of matter and 
population genetics to name but three. The discussion of 
inertia invariably involved examination of concepts such as 
space, time, matter, motion and therefore also cosmology. 
Relationism, as opposed to Absolutism, had come to the fore 
in this century due to the rise of Relativity Theories and 
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the advent of Quantum Mechanics in modern times. We examine 
these issues in Appendix (I), entitled 'On Relationism and 
Quantum Mechanics', and look at typical programs of 
relationist construals, with particular reference to notions 
of Time and Space, in chapter (5). 
The problem of the finite and the infinite in terms of 
the so-called relational and the absolute is carried on in 
this chapter with regard to space, time, matter, motion and 
cosmology. 
Several people had speculated about the nature of 
space, time, matter and universe etc. since times 
immemorial.' We mention a few of the views from Ancient India 
and Ancienct Greece. These views debated whether time, space 
and matter etc. were finite or infinite (eternal), or 
whether they were infinitely divisible or were indivisible 
beyond a point, etc. A view about cyclicity of time treated 
events as endlessly repeating themselves. 
Mythology played a more significant part in the 
earliest times than now but it has its votaries even today. 
It is the object of positive science to separate the wheat 
from the chaff and reduce myths to realities wherever 
possible. 
Similar considerations apply to medieval and modern 
Muslim and Christian views. We consider three views, namely 
those of Ikhwanal Safa, Al Biruni and Ibn Sina as 
representative of medieval Muslim ^scholasticism'. 
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The Ikhwanal Safa, following Greek views, regarded the 
universe as an ontological hierarchy. God creates the Agent 
Intellect which creates the World Soul which is responsible 
for motion or activity of matter which is otherwise inert. 
They, like Pythagoras before them, believed in the mystic 
values of some numbers. Argueing that the higher influences 
the lower they proscribed powers of influencing events on 
earth to the seven planets, powers they said were given to 
the planets by the World Soul in lieu of Agent Intellect in 
lieu of God. 
Al Biruni believed in Astrology but not in Alchemy. He 
disagreed with Aristotle on a number of points. He disagreed 
with the view that the motion of celestial bodies must be 
circular and can not be elliptical. He disagreed that the 
elements composing , the world necesarily have ^natural' 
locations like fire in the heaven, the air above, water and 
earth below , etc. He disagreed with Aristotle that time was 
infinite or that an infinite void existed beyond the 
universe. He agreed with the Atomists and disagreed with 
Aristotle that matter can not be infinitely divided, 
advancing the argument of Zeno that infinite divisibility 
implied negation of motion itself. He was of the view that 
in order to arrive at the truth, one must use observation 
and experiment along with logic , whereever possible. He 
allowed for the possibility of a heliocentric, as opposed to 
geocentric universe but himself held onto the geocentric 
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view saying that it is very difficult to decide between the 
two and that for actual astronomical purposes the difference 
did not seem to amount to much. 
According to Ibn Sina, creation comes from God and 
returns to Him- Creation is a process of emanation (faiz) 
while the return is a process of love (ishq). The hierarchy 
is creator, intellect, soul, nature and elements. Angels, 
personifying the pure intellects, move the heavenly spheres. 
The first element was a point, which acted upon by nature, 
was extended to a line, then a plane and finally a three-
dimensional body. Having become a body, it was then acted 
upon by the force of motion (tahrik) of nature and the power 
of ordering (tadbir) of the soul. Ibn Sina rejects the 
Aristotelian idea of matter or hyle as potentiality and like 
the neo-Platonists regards matter's existence only as an 
actuality. He says matter has need of multiple causes for 
its existence. Space and time are not independent but two 
conditions of corporeal manifestation. Beyond the universe 
there is no space because there is no corporeal existence. 
As regards 'atoms', his view is that a body is potentially 
infinitely divisible but actually the process of division 
cannot be carried out indefinitely. As regards time, it was 
potentially infinitely divisible but temporal point-moments 
('instants') do not have a real (haqiqui) but only an 
imaginary (tawahhumi) existence. 
Although he says that motion involves an origin and an 
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end, his teleology is derived from the theory of natural 
location of the four elements. A moving body, however, 
receives an inclination (mail) from the mover which permits 
it to move but then ^mail' is just another name for the love 
which pervades the whole of the universe, so that the 
relation of the mover to the moved is not just that of the 
soul to the body but also as of the beloved to the lover, 
Ibn Sina's philosophy, therefore, pays homage also to the 
gnosticism of the Sufis who were the Muslim mystics. All 
sciences of nature have for their purpose the knowledge of 
the essence of things in relation•to their divine origin, 
i.e. science should study not just the phenomena but 
phenomena in relation to noumena. In his scheme of things, 
metaphysics should precede physics. Science derives from 
reason and senses, but finds its meaning only in the light 
of wisdom which lies above the domain of senses as well as 
that of reason. 
From the thirteenth to the sixteenth centuries A.D. 
transfer of the Muslim corpus into the Christian world took 
place by way of latin translations in Spain and Sicily and 
elsewhere. Opinions such as those of Al Biruni, Ibn Haytham, 
Ibn sina, Ibn Rushd and others paved the way for European 
reawakening leading eventually to European classical 
physics which saw its triumph in Newtonian Mechanics and 
later in the nineteenth century to Maxwell's Electromagnetic 
Theory. The seed of the Scientific Method,although planted 
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by Ibn Haytham and others in as early as tenth and eleventh 
centuries A.D. grew to a tree of epoch-making dimensions in 
post-renaissance Europe and continues to benefit the world 
in a remarkable way to this day. 
As for space and time, it was the idea of the infinite 
void of the early atomists like Democritus and Lucretius 
etc. which provided the basis for the Euclidean spacei and 
which, in the hands of Newton/ became absolute space, whereas 
even Aristotle had thought of time as infinite. Leibniz 
rejected Newton's idea of absolute space, saying it was 
introduced without sufficient thought. During the last 
century, Mach criticized Newton by saying that the latter's 
absolute space and absolute time were ideas that were not 
observable. For Einstein, the notion of the spatial 
character of reality took initially the form of the four-
dimensionality of the field so that there was no empty 
space, that is there was no space without a field. But 
whereas Mach had wished that ontologically space-time 
should be subordinated to matter, it could not be achieved 
in Einstein's General Relativity because of the nature of 
boundary conditions etc., except in a modified form by 
Wheeler, who showed that geometrodynamics (4-D geometry of 
space-time) can be determined,if, for a finite universe (i.e. 
spatially closed universe with non-infinite curvature), the 
distribution of mass and mass-flow is given. 
Historically, the absolutist and the relationist points 
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of view have altered in importance. Today, after the works 
of Einstein and Stephen Hawking we have advanced to the 
notion of space and (imaginary) time as being finite but 
unbounded. In looking at the nature of relationist 
construals of space and time, we observe several 
similarities as well as possibilities for further research 
We notice that the use of the word ^ space' can be 
avoided without loss from statements such as (1) ^ empty 
space is a poor conductor', (2)^magnetic permeability pf 
-7 . . . . 
empty space is 411x10 henries per meter' (3) ^ permittivity of 
— 1 9 " 
empty space is 8.55x10 farads per meter'and (4) ^Speed of 
light in empty space is 2.9978x10 meters per second etc, 
but the latter programme entails relativization of space and 
time including simultaniety in the spirit of Einstein. The 
Einstein programme defines absolute motion as motion with 
the same relative speed with respect to anything whatsoever, 
regardless of that thing's motion relative to anything 
whatsoever. Statements about geometry of space are reducible 
to statements about measuring distances. By certain axioms 
of distance measurements, it can be argued that absolute 
distances do not imply absolute space. 
Time can be treated like space in most cases for the 
purpose of relationist construals. Even a diagram like (a) 
below does not mean that time is different from space 
because objects cannot be in two places at the same time or 
objects cannot move back and forth in time, if we define a 
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principle of individuation whereby every point on a spatio-
temporal curve from one point-instant within an object to 
another point-instant within that same object lies within 
that object itself. 
FiC. (^ Tu,o bodici run logellicr.Jusi:, and tliiii vanish ' FlC. ( t ) ) ' ! car which has bcni diivcn nwny front some 
posilion and llicn driien bad: into thai fjosilion 
As in the case of space, one can reduce statements 
about absolute time also to statements about measurements of 
time intervals by imposing certain axioms of time 
measurtements. One can talk about action-over-a-teroporal 
interval like action over a distance but this involvces 
models of causation different from the normal. One can even 
have ^frozen' universes in which no change occurs over a 
finite interval of time. As to the question of time having a 
different topology, it has been investigated by Hawking, 
Penrose and others on the basis of quantum cosmology and 
remains still an open-ended question to some extent. 
Philosophers like Smart, Quine, Reichenbach and Russell 
have proposed a tenseless language in order to avoid the 
illusion that time is something that flows. On the other 
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hand, other philosophers like Broad, Gale and Prior have 
opposed such moves. If tenses are treated as purely 
indexical, a static situation, as with space, occurs and the 
problem of flow does not arise. Moreover, simultaneity is 
taken as absolute in standard tense discourse (as also in 
some theories of time flow) but, as is well known, 
simultaneity is relative and there is no such thing as The 
Present in a universal sense. 
Asymmetry of time, as something distinct from the 
symmetry of space, can not be established by saying that 
causes occur earlier than effects, or on the special plea 
that our knowledge about the past is of a different kind 
from our knowledge about the future. It can also be argued 
that one direction of time is different from the other 
cannot be established by taking the 2nd law of thermodynamics 
and treating entropy as a measure of disorder. If, on the 
other hand, it is the outward flow of energy from the galaxy 
that is responsible for our feeling for time asymmetry, then 
time should flow backwards or come to a stand-still within 
or at the black hole. Hawking has argued that it is the 
expansion of the universe as a whole that is responsible for 
the ^arrow of time', yet if the universe,is to retract, the 
arrow of time will not reverse in the contracting phase. 
Hawking has also shown that near the Big Bang singularity, 
imaginary time behaves just like space and that though 
space-time has boundaries at singularities in real Lorenzian 
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time, it has no boundaries in the imaginary direction of 
time. 
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CHAPTER (4): 
In chapter (4), entitled *0n Old Quantum Theory', we 
provide not just a study from the history of science but 
attempt to see if a cruder theory can be useful as a first 
step in carrying out more sophisticated phenomenological 
studies of problems of current interest in physics. 
The failures of classical physics which led to 
proposals of quantization by first Planck and then N.Bohr 
are well-known, as are the postulates due to Bohr. We look 
first at some historical aspects of the old quantum theory 
and then look at some of its possible useful applications 
and philosophical implications. 
The idea of quantization of material motion was given 
by A. Haas in 1910 itself. Angular momentum quantization was 
already being used by J. Nicholson in 1912. The formula for 
the frequency of the quantum was a contribution of Bohr 
himself. Moreover, it was Bohr who first pointed out that 
the spectrum emitted by the star Zeta Puppis was not so 
1 1 
much a kind of half Balmer series 2- —•* 2, 3 —•* 2, 3— —> 2 
2 2 
etc. of hydrogen but that it was the spectrum produced by 
ionized helium. Fowler confirmed this by laboratory 
experiments. Soon several spark spectra could be explained 
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as due to different multiply ionized atoms. Rutherford 
appreciated Bohr's ideas about the origin of spectra but 
criticized Bohr by saying that the theory seemed to assume 
that the electron knows beforehand where it is going to 
stop. He also felt that Bohr's papers were much too long and 
should be cut down in size. Sommerfeld felt that calculation 
of the Rydberg constant on Bohr's theory was indisputably a 
great achievement, and commented that Bohr's paper will mark 
a date in theoretical physics. Einstein also thought that 
Bohr's theory was one of the greatest discoveries. However, 
scientists at Gottingen felt that Bohr's ideas were too 
fantastic to be taken seriously. Jeans also felt that there 
was little justification for Bohr's ideas except that they 
led to success in describing some of the spectra obiserved. 
Bohr himself had occasions to doubt the validity of the 
foundation for the whole theory, and himself referred to his 
assumptions as ^horrid'. His words were that he was 
^inclined to the most radical ideas', and that he 
considered ^the application of the mechanics as of only 
formal validity'. 
As to applications of Bohr's theory, we consider two 
cases, namely (1) the one-dimensional exponential potential, 
and (2) the Saxon-Woods potential. 
In case (1) , by comparing the results with the exact 
Schrodinger equation solutions, we point out why it would be 
more corrrect to take n=l rather than n=0 as the ground 
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state in 3-diiiiensions. In case (2), we use a ^deficiency 
factor' to show how results obtained from Bohr's theory and 
by solving Schrodinger's equation can be brought into 
agreement to within 1-2%. Also, for a potential of infinite 
size, the ground state coincides with the bottom of the 
Saxon-Woods well in agreement with the more exact 
Schrodinger calculations. 
We point out that Bohr's approach is tantamount to 
minimizing the expression for the total energy of the 
elctron in the presence of the proton etc. Weisskopf used 
this approach to study some atomic problems. An alternative 
approach is also indicated wherein it is shown in the case 
of the harmonic oscillator, and of the particle in one-
dimensional box, that one obtains the same n-dependence for 
the quantized energy, as from the exact calculations. 
Bohr's theory was only a stop-gap arrangement. It had 
nothing to do with uncertainty and probability at the 
fundamental levels which were the hallmarks of the new 
quantum theory. Bohr's theory was therefore soon replaced by 
quantum mechanics and by quantum field theory 
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CHAPTER (6): 
As is well-known, according to critical rationalism or 
fallibilism, theories are called scientific when they are 
falsifiable (i.e. can be refuted as conjectures). In our 
chapter (6) , entitled 'On Religion and Modern Science', we 
go a bit further and examine whether even religion can be 
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considered as falsifiable, and therefore improvable, through 
progress in science and culture. In order to do this we must 
look critically at the sources of religious thought that lie 
in physics and philosophy. We examine these and related 
issues in chapter (6) with particular reference to Islam but 
the approach would be similar for other religions. 
Theories of everything (TOE) carry, as someone said, 
seeds of their own destruction. In Physics, Supergravity and 
the Heterotic Superstyring were being promoted as such 
TOE'S. A certain kind of causality also operates in religion 
and religion is mooted as a TOE by assigning a role for 
divine intercession. 
Physicists like Mott respect religion for historical 
reasons and for purposes of communal fellow-feeling. 
Narratives in religious texts need not be so much a matter 
of truth in the scientific sense as a matter of faith and 
compassion. 
Mercier says that there is a complementarity between 
philosophic and religious thought and he credits Bohr for 
influencing him on this score. He decries polytheism for 
postulating imperfect dieties whereas unity of nature points 
to a perect God and monotheism. Mercier thinks that triadic 
sets of concepts, of which he gives several examples, help 
one to understand the universe better. He cites Newton as an 
example of a trinitarian in physics. Mercier is critical of 
Islam for treating trinity as avoidable polytheism. His 
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criticism that Islam has given up the spirit of dialogue 
between man and God is not wholly correct because Islam 
reveres the dialogue of Moses with God on Mount Sinai as 
well as the dialogue of Abraham with God at the time of the 
test of the sacrific for his son. As to mysticism of 
numbers, this is a form of neo-Pythagoreanism. Mercier's 
views tend to suggest that one should look for Christian 
aspects in science. However, the views that we should have a 
Christian science or a Muslim science or a Hindu science are 
not altogether baseless, and there are serious groups trying 
to promote such systems in different parts of the world. 
In trying to develop a common view of religion we 
emphasize the iconic theory of religious texts and idols. 
According to Peirce and Morris, not only idols and religious 
texts but scientific and literary texts can all serve as 
icons. As works of art, religious texts also involve 
emotional interpretants and therefore invoke an aesthetic 
response. But then,as aesthetics can also be universal, we 
propose that in a certain sense descriptive monotheism, 
however radical* and pagan idolatory,however primitive in 
form, can still be regarded as just different manifestations 
of the same universal feature. 
In comparing religion with magic we notice that in 
magical systems it is usually the evil i.e. Satan or devil 
that is worshipped, whereas in religion the devil is treated 
as a sure enemy of mankind. Levy-Bruhl made a special study 
47 
of magic and 'concluded that the primitive man saw only the 
direct connection between first cause and final effect, 
failing to see the intervening relationships According to 
positivism, ancient mythologies gave way to metaphysics and 
that in turn to positive science. However, an appreciable 
body of primitive practices, as well as metaphysics, 
continue to survive as part of existing systems, and 
instances are not wanting when these remain independent of 
the scientific method and of cause and effect. 
In rationalising about Islam we notice that ancient 
Greek physics and philosophy served as sources of Islam. The 
systems preached by the Stoics, the Pythagoreans, the 
Eleatics, Anaxagoras, Socrates, Plato, Aristotole etc. are 
all reflected in the Quran and the practices of muslims. The 
Quran itself praises pursuit of philosophy and science but 
only in so far as they do not deny God. This creates a 
number of difficulties for the followers of religion. As far 
as Islam and similar systems are concerned we mention four 
such specific difficulties. These are: (1) the account of 
the Creation of the Universe, (2) the Age of prophet Noah, 
(3) explanation offered for the shooting star phenomenon.and 
(4) the description of the universe as seven-heavened. 
The Quran was a revolutionary document in so far as it 
went beyond primitive beliefs and mythologies and involved a 
considerable extent of metaphysics but in so far as 
metaphysics can be criticised, so can religion be criticised 
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that is based on that metaphysics. In that sense, if science 
is fallibilistic, so must be religion also. Certainly for 
science there is need for periodic integration within a 
particular science like physics as well as need for an 
inter-science integration . With the growth of an integrated 
world view based on different sciences, certain aspects of 
religion may lose their fallibility but certain other 
aspects, as for example those dealing with goodwill to 
others or communion with God will continue to play 
significant roles in the lives of people, emphasising the 
need for an interpretation of religion which can be 
considered as enlightened. 
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Finally, Chapters (2) to (6) are followed by a brief 
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c o n c l u s i o n b e f o r e p r e s e n t a t i o n of Append ices ( I ) and ( I I ) . 
APPENDIX (I): 
In this appendix, we outline the conceptual foundations 
of quantum mechanics as they evolved in their formative 
stage and come to the conclusion that the advent of quantum 
mechanics in modern times became associated with a further 
tilt towards relationism. This is intended as a prelude to a 
later assessment of the philosophical interpretations of 
quantum mechanics following the proof by Bell of the 
violation of certain inequalities by conventionally 
developed quantum mechanics, and the associated questions 
being hotly debated today of non-locality, completeness and 
reality in quantum mechanics which are the subject of much 
current research all over the world. We intend to 
investigate these and related issues in detail later 
elsewhere. 
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APPENDIX (II): 
In this appendix we summarize Cartwright's arguments 
for phenomenologism as anti-realism in modern times. We 
conclude that Cartwright's arguments do not differ all that 
much from those of Husserl. The realist counter-arguments 
are duly recorded and once again the question, especially in 
quantum mechanics, of realism a la D'Espagnat and Bohm (as 
against anti-realism of van Fraassen or Cartwright) is only 
alluded to, to be developed more fully later elsewhere. 
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CHAPTER(l) 
G E N E R A L I N T R O D U C T I O N 
That History and Philosophy of Science is a neglected 
area in this part of the world is no secret. When Professor 
S.M.R.Ansari was appointed as the Professor of History of 
Medicine at Hamdard University, New Delhi he was fond of 
pointing out that it was the first chair of its kind in the 
whole of Asia. That apart, there is not a single Department 
of the History and Phiolosophy of Science in any university 
in India. One of the consequences of this shortcoming is 
that either there is a mad rush, without much thinking, for 
everything scientific in the spirit of ^scientism', or there 
is obscurantism as the reaction to this unthinking 
scientism, in which, as stated by the positivists, the age 
of mythologies refuses to budge and pass into the higher 
realms of metaphysics and positive science, with all its 
attendant consequences for the polity and ethos of the 
country and its people. This humble thesis can be seen as a 
modest attempt to set the ball rolling in the direction of 
further fruitful studies in the history and philosophy of 
science in India so that the universities can play a better 
role in shaping up the thinking of the people for a better 
world for today and tomorrow. 
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In recent times, philosophies of science have been 
sought to be grouped under the headings of logical 
empiricism, critical rationalism, neo-realism and dialectic 
materialism [Naletov 1984]. In our chapter 'On the 
Methodology of Physics' and the Appendix entitled 
'Phenomenologism as Anti-Realism*, we have looked at 
phenomenalism and realism as they refer to the methodology 
followed in physics. Phenomenologism has been sought to be 
justified as a more truthful exposition of physics by Nancy 
Cartwright but her attitude, as claimed by herself, is one 
of anti-realism [Cartvright 1983]. Husserl's phenomenalism 
endorses Hume and finally reduces to anti-realism as 
explained by [Hasan 1928], but Cartwright is critical of 
Hume and clarifies that her stance is different from the 
extreme anti-realism of" the constructive empiricist van 
Fraassen and the positivist Duhem. Our study of 
phenomenology of hypernuclear and other physics should 
perhaps be seen as case studies in physical realism rather 
than anti-realism, although we feel a debate at a more 
exhaustive level is not inappropriate even at this stage. 
The march of science is characterized by the 
elimination of the obscure and the unintelligible, and its 
replacement with rational and testable knowledge. Yet, it 
can be as much a question of hermeneutics and semantics as a 
question of syntactics or simple logic. We look at these 
issues in our chapter called 'On Some Mathematical 
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Improprieties in Physics' . In the process we find many 
insights into the working of both classical as well as 
quantum physics. 
Questions of semantics and sytactics are carried over 
into the chapter 'On the Absolute and the Relational in 
Space, Time, Matter, Motion and Cosmology*. Further reasons 
for our study as in this chapter were as follows. During the 
sixties, philosophy of science was sought to be developed in 
terms of positivism, mechanism and naturalism [Durbxn 1968]. 
Among the themes considered basic were inertia, atomic 
(including elementary particle) structure of matter and 
population genetics to name but three. The discussion of 
inertia invariably involved examination of concepts such as 
space, time, matter, motion and therefore also cosmology. 
Relationism, as opposed to Absolutism, had come to the fore 
in this century due to the rise of Relativity Theories and 
the advent of Quantum Mechanics in modern times. We examine 
these issues in Appendix (I) , entitled *0n Relationism and 
Quantum Mechanics', and look at typical programs of 
relationist construals, with particular reference to notions 
of Time and Space, in chapter (5). 
In chapter (4) , entitled *0n Old Quantum Theory' , we 
provide not just a study from the history of science but 
attempt to see if a cruder theory can be useful as a first 
step in carrying out more sophisticated phenomenological 
studies of problems of current interest in physics. 
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As is well-known, according to critical rationalism or 
fallibilism, theories are called scientific when they are 
falsifiable (i.e. can be refuted as conjectures). In our 
chapter (6) , entitled *0n Religion and Modern Science*, we 
go a bit further and examine whether even religion can be 
considered as falsifiable, and therefore improvable, through 
progress in science and culture. In order to do this we must 
look critically at the sources of religious thought that lie 
in physics and philosophy. We examine these and related 
issues in chapter (6) with particular reference to Islam but 
the approach would be similar for other religions. 
Finally, Chapters (2) to (6) are followed by a brief 
conclusion before presentation of Appendices (I) and (IT). 
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C H A P T E R ( 2 ) 
0 N T H E 
M E T H O D O L O G Y O F P H Y S I C S 
2.1 ORIGINS or THE MODERN SCIENTIFIC METHOD: 
The essence of modern scientific method is theorization 
based on abstract concepts which are often expressible 
mathematically, and experimentation. Modern science 
progresses by the interplay of theorization and 
experimentation. Experiments may be specially designed to 
test some hypothesis which may be confirmed or modified 
depending on the results of observations. In this way 
theories may emerge and subsequently may be expanded, 
modified or replaced. Constant verification ensures that the 
theory does not lose sight of observed facts and thereby a 
realistic insight into the working of the world is hoped to 
be achieved. We will not go here into the various 
philosophies that claim to describe the scientific method the 
best. We will look here at the historical emergence of the 
new method, and later will give some examples of actual 
investigations in Physics that would illustrate it in 
practice. 
The following historical insight is largely based on 
the work of Professor S. M. R. Ansari [Ansari 1994]. 
It is often implied that Galileo Galilei (1564-1642) was 
the first major proponent of the new scientific method. For 
example, Galileo disproved Aristotle when he showed that, if 
dropped freely from a height, both a heavy and a light stone 
take identical time to fall to the ground, unlike the 
expectation on Aristotelian view that the heavier body must 
fall faster. Galileo proceeded by the method of experiments 
and also succeeded in formulating a mathematical description 
of the motion of the bodies, although it took a Newton to 
finally get the equations of motion that go by his name. The 
Scientific Revolution in Europe, during the 16th and 17th 
centuries, has been supposed to be triggered by Galileo's new 
approach. Moreover, this was supposed to be a revolutionary 
break from the ideas of the scholastics of the centuries 
preceding Galileo. This, it turns out, however, is not quite 
the full truth. 
Anneliese Maier in her essay 'The Mechanization of the 
World-View in 17th Century ' writes that ' the scientific 
revolution could not be interpreted as a linear historical 
process initiated by Galileo's innovation in mechanics and 
the increased use of experimentation thereafter' [Sargent 
1982]. She further finds that (1) a philosophical 
reorientation precedes the development of a new world-view 
and (2) philosophers of the 17th century adopted many of the 
concepts formulated by scholastic thinkers of the 14th 
century such as space, time, mass, density, gravity, 
inertia, energy etc. 
In actual fact, scholars of the European middle ages 
depended heavily on the ideas that originated with the 
Central and West Asian scholars who wrote in Arabic and 
Persian languages during as early as tenth and eleventh 
centuries A.D. We have said elsewhere that Biruni 
exhorted seekers of truth to rely on experimentation and 
testing before believing in it. It was, however, Ibn al 
Haytham al Basri (996-1012) in whose works, in the words of 
Ansari, 'we find quite explicitly the so-called modern 
scientific method, along vith its various elements; 
observations, their explanation on the basis of a certain 
hypothesis or model, the derivation of consequences of the 
latter, design of experiments to test the consequences, and 
therefore the hypothesis, and then upgrading finally the 
hypothesis into a lav of nature'. Ansari also claims that 
Ibn al Haytham was ' the first scholar of middle ages who 
propounded the principle of mathematisation of 
observations' [Ansari 1994]. 
The influence of Ibn al Haytham can be clearly seen in 
the works of Roger Bacon (ca.1214-1294). Roger Bacon studied 
in Oxford and Paris for his M.A. degree and returned to 
Oxford in 12 47 where he was assistant to Robert Grosseteste. 
Roger Bacon utilized the works of Grosseteste, Aristotle, 
Euclid, Ptolemy, Al Kindi, Ibn Sina, Ibn Haytham and Ibn 
Rushd [Crombie 1953]. His scientific works covered optics 
including vision and atmospheric sciences, among other 
things. He states the principles of experimental science as 
follows: 'Without experience, nothing can be sufficiently 
known. For there are two modes of acquiring knowledge, 
namely, by reason, and by experience. Reasoning draws a 
conclusion. . . but does not make the conclusion 
certain....unless the mind discovers it by the method of 
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experience.' He says that by his theory of science, or the 
scientific method, one could 'arrive at universal causes by 
induction and experiment' , and says further that the use of 
mathematics provides 'the most certain means of 
demonstrating the connexions between events'[Crombie 1964]. 
Before Galileo, Copernicus (1473-1543) had already 
disproved that the earth was the center of the universe as 
was believed on the authority of ancient texts and 
philosophies such as that of Aristotle. Then Rene Descartes 
(1596-1650) in his book Discourse de la Methode (Discourse 
on Method) criticized those who 'have faith merely in 
ancient books' i.e. those who do not test authority with 
experience and experiment. The Cartesian view ultimately 
lead to a mechanistic philosophy of science from which, 
according to some, the post-quantum mechanical world is 
today trying to liberate itself. However, the roots of the 
scientific method, as we have already indicated, were laid 
by people like Ibn al Haytham, who describes his research 
methodology in the following words, in one of the tracts 
that he wrote entitled 'Doubts about Ptolemy ': 
'Truth is sought for its own sake. It is not 
the person who studies the books of his predecessors 
and gives a free rein to his natural disposition in 
regarding them favourably who is the (real) seeker 
after truth. But rather the person, who in thinking 
about them, is filled with doubts...who follows 
proofs and demonstrations, rather than the 
assertions of a man. . . a person who studies 
scientific books vith a viei/ to knot/ing the truth, 
ought to turn himself into a hostile critic of 
everything that he studies. . . If he takes this 
course, the truth will be revealed to him and the 
flaws. . . in the writings of his predecessors will 
stand out clearly. ' 
'All natural phenomena are the consequences of 
their (fundamental) principles. Actually these 
principles are subtle and hidden to the highest 
degree. . .They are not accessible to the sense 
perception.' 
'Finding the truth is difficult and the road to 
it is rough. For the truths are plunged in 
obscurity. ' 
Ibn al Haytham uses the Arabic word itabaar for 
experimentation in the sense of designing experiments in 
order to test a hypothesis, i.e. to treat physical experiment 
as a distinct method of proof. He applied his method 
extensively in his studies in optics [Omar 1977, Sharif 
1961]. 
2.2 METHODOLOGY IN MODERN PHYSICS: 
2.2.1 GENERAL FEATURES: 
The basis of all science including physics is 
systematic observation. This holds for modern quantum 
physics just as it did for classical physics. On the 
theoretical side, at the same time, both in classical as 
well as quantum physics there is ever increasing 
application of mathematical methods. Thus the steps in 
scientific methodology in all physics are: observations 
leading to enunciation of laws which in turn also lead to 
principles, and attempts to theorize on the basis of 
observed phenomenon, often involving first hypothesis-
advancing and then model-making. Models are ultimately 
expected to lead to theory. These days so many people are 
working that the hypothesis stage is very short, 
sometimes being intangible. A hypothesis is either 
rejected in the light of new facts or goes to become a 
model in no time. However, the stage of the theory has 
not been reached to the same extent in all the 
disciplines of physics. Mechanics, Special and General 
Relativity and Maxwell's Theory have a high prestige in 
classical physics. On the quantum side, nothing matches 
Q.E.D. in prestige because of the fantastic degree of its 
success, although the mathematical status seems shaky. 
Even non-relativistic quantum mechanics has many 
achievements. However, when it comes to the study of 
systems like molecules and specially nuclei, one hardly 
has anything that can be classed as proper theory except 
for very limited purposes, although the term nuclear 
theory is frequently used. This is largely a misnomer. 
The difficulties are mainly those of a many body problem 
which is compounded in the nuclear case by the nature of 
the force. 
Whatever little nuclear theory that exists is 
phenomenology of one kind or another, even when couched 
and camouflaged as microscopic theory. 
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Truly speaking, hardly any existing nuclear theory 
is microscopic. We briefly discuss whether it is even 
desireable to go for full-fledged microscopic theory. The 
same applies for hypernuclear physics. Even much of 
present-day particle physics is phenomenology, and Q.C.D. 
is supposed to be the counterpart of Q.E.D. but it is 
so only in name; Q.C.D. has no achievement that can stand 
upto Q.E.D. 
Search for an ultimate theory of particle physics is 
going on. The object is a theory with a very small number 
of parameters. The smaller the number ol i^arameters, the 
greater the prestige of the theory. We are yet a long way 
away from such theories. 
In passing, we may refer to string and super-string 
theories that are being developed. There is a fond hope 
that once we are successful in this endeavour, we would 
have a theory of everything (TOE). Such hope rests on the 
philosophy of reductionism as we have discussed later in 
Chapter (6). The philosophy is by no means an established 
fact, nor is it obvious by any means. We have talked 
about it in Chapter (6). 
In what follows, we elaborate on many things said 
above, sometimes giving examples from our own work. 
Although we do not explain terms like law, picture, 
hypothesis or model, as these have the same meaning now 
as in classical physics, we do, however, critically 
examine in Appendix (II) a view which looks at 
phenomenologism as anti-realism of a sort, so that in 
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Appendix (li) we have elaboration of the nature and 
significance of models, laws, explanations, theories and 
such like in relation to truth as contained in science in 
general and physics in particular. 
As regards the practice of the scientific method in 
Physics, we can also notice the following general 
features: 
1) Old Ideas Keep Coming Back; 
Old discarded ideas often keep coming back, 
generally with a modified meaning. We give just three 
examples: 
a) The photon is an heir to Newto' corpuscle. Of 
course, the former is not the same as latter. 
b) First air, water, earth and fire were the 
elements out of which everything else was supposed to be 
formed. This is no longer believed to be the case, but 
the idea of element has survived. Now there are about 
ninety stable or fairly stable elements. 
c) Although atoms as conceived by Democritus, 
Lucretius or Epicurus in the ancient world, or by 
medieval philosophers, are very different from the modern 
conceptualizations of atom, according to Feynman in his 
famous Lectures on Physics, the idea that everything is 
made up of atoms is the single most important statement 
that can be made to characterize the physics of today. 
These examples serve to remind us that we may keep 
nodding acquaintance with the landmark concepts in the 
history of science. 
Vi 
2) People do not have Monopoly over Ideas: 
Generally, a single person is not the sole author of 
any major concept. We give some examples: 
a) Apart from Rutherford, idea of the nucleus had 
also been given by a Japanese physicist. 
b) The important idea of synchrotoron action had 
been given by McMillan in U.S.A. and Veksler in Europe 
almost simultaneously. 
c) The idea that the nuclear atom consists of 
neutrons and protons was given independently by 
Heisenberg in Germany and Ivanenko in Rv xa and although 
Majorana had arrived at the same conclusion at about the 
same time he never got round to publishing it. 
d) Recently, it has been found out that Euler had 
given essentially the same theory as Huygens about light 
as waves, except that he had developed his theory for 
pulses instead of continuous waves. 
3) Research Then and Now; 
Whereas less than a hundred years ago, first rate 
experimental research in Physics or Chemistry could be 
carried out eithert by a single person, or at most two 
persons, by constructing instruments and equipment out of 
tin boxes, bottles, cardboard, scrap metal and ordinary 
lenses etc., and home-made electrical meters could be 
used, today, huge, sophisticated instruments and 
equipment, costing a big fortune are required, and dozens 
of scientists and engineers have to cooperate to carry 
out an experiment in physics, especially in nuclear and 
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particle physics. Gone are the days of the the lone 
worker in experimental physics. Sir C.V.Raman, the Nobel 
Laureate was of the opinion that costly instrumentation 
was not necessary for doing worthwhile research, as he 
had himself demonstrated in the discovery of the effect 
named after him. Nevertheless, big laboratories have been 
built in India, and a certain degree of pooling of effort 
has taken place by creating Inter-University Consortia 
and Regional Sophisticated Instrumentation Centres etc., 
not to mention big national laboratories for defence and 
other purposes. 
4) Theory and Experiment: 
Let us remark that professional scientists as we 
know them today have appeared only in the last two or 
three hundred years. To a significant extent, this has 
happened only in the last hundred years or so. The word 
scientist itself is relatively new, having been used for 
the first time by Whewell. 
Earlier, everyone in physics was doing theory as 
well as experiment. Some did more of one than the other. 
We can cite the names of Newton, Maxwell, Einstein, 
Rutherford, Bohr, etc. There were also some 
mathematicians who occasionally dabbled in Physics as, 
for example, Bateman, who solved, at Rutherford's 
instance, some problems of radioactive decay. This 
situation went on until the advent of quantum mechanics 
in the early twenties. 
Some time in the late twenties or the early 
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thirties, the separation between theory and experiment 
began to appear, although even in more recent years there 
are examples of all rounders, the most striking name that 
at once comes to mind in this connectioin is that of the 
Italian/American physicist Fermi. 
What may be broadly called theory is actually sub-
divided into two further sub-classes: (1) Theoretical 
Physics and (2) Mathematical Physics. The dis cinction is 
such that whereas Theoretical Physics is concerned mainly 
with solving physical problems using mathematics. 
Mathematical Physics uses physics as an excuse to apply 
and advance mathematical methods (-The author's research 
supervisor owes this understanding to a private 
conversation with his late teacher Professor Rais Ahmad). 
In the world, at some places, there are separate 
departments/institutes of Experimental Physics on the one 
hand, and Theoretical Physics/Mathematical Physics on the 
other, but at the vast majority of places all these are 
usually placed under one umbrella. Perhaps, the first 
university in the world to have a separate department of 
Theoretical Physics was Manchester and the first 
incumbent of this department was the renowned atomic 
physicist D.R.Hartree. (-this information was provided in 
a letter by the well known nuclear physicist, late Dr. 
J.B. Goldfarb of the Department of Theoretical Physics, 
University of Manchester, U.K.). 
In India such a separation does not seem to have 
taken place. Here we do not discuss the desirability or 
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otherwise of doing so. However, we may comment that at 
many places there are tensions between the two groups of 
physicists, mainly on getting new posts and filling old 
ones. Theoretical Physicists need relatively little 
research grants, except for computation and travel. So 
the friction is not as much as it could be. 
However we are compelled to remark that genuine 
Mathematical Physics has not really grown, at least in 
Indian universities. There is the odd Mathematical 
Physicist at some institutes. Efforts are required to 
develop the subject in our university system. 
2.2.2. PRINCIPLES THAT ALLEGEDLY SERVE AS GUIDES 
(HEURISTIC PRINCIPLES): 
While the above remains the crux of the scientific 
method, physicists have tended to emphasize one aspect or the 
other of the philosophy or the methodology depending on the 
nature of successes they have encountered in modern physics. 
For example, Kragh identifies four meta-principles that have 
dominated the methodology of modern physics in recent times 
[Kragh 1990]. These are: 
(1) The Observability Doctrine 
(2) The Principle of the Unity of Nature 
(3) The Principle of Plenitude, and 
(4) The Principle of Mathematical Beauty. 
We will presently comment on each of these principles in 
turn. 
The Observability Doctrine: 
According to this doctrine only those quantities should 
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be introduced in physics which are in principle observable. 
Thus, in founding matrix mechanics in 1925, Heisenberg 
proposed to have a theory ' in vhich only relations between 
observable quantities occur '. This approach has also been 
referred to as Instrumentalism. According to this view all 
that the physical theory does is to provide a consistent 
means of calculating experimental results. When Dirac wrote 
his famous book on quantum Mechanics, his attitude has been 
characterized by Lennard Jones as purely instrumentalist in 
the above sense. Einstein and Dirac, in later period, appear 
to dislike instrumentalism. They both hoped that the Bohr-
Heisenberg interpretation of quantum mechanics would some day 
be replaced by a more deterministic non-instrumental version 
in the future. Einstein wrote to Heisenberg: ' it may be 
heuristically useful to keep in mind [)rhat one has actually 
observed,... in principle, it is quite wrong to try founding a 
theory on observable magnitudes alone ' . Moreover, when Dirac 
used the doctrine of observability in 1936 to deny physical 
existence to the neutrino and in 1962 to deny physical 
meaning to black hole interiors, he was proved wrong on both 
occasions because neutrino was duly detected in 1950 while 
Hawking showed in mid-1970's that black holes can emit 
particles and were not unobservable in principle. Indeed, 
quarks were accepted into the theory even though they were 
unobservable and the hypothesis was put forward that that was 
so because they were permanently confined. This idea proved 
helpful in the development of present day quantum 
chromodynamics. But then things may not be dirctly observable 
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but their existence may be indirectly inferred from other 
observations. It would thus seem that Einstein was right and 
one can, if the situation demands, include even unobservable 
quantities in constructing a theory in physics. 
The Principle of the Unity of Nature: 
This may also be called the principle of the simplicity 
of nature. 
In one version this principle refers to the ontological 
belief that the whole of nature consists of a single 
substance. In another version, this principle refers to the 
methodological belief that all of nature is amenable to the 
same kind of theoretical treatment. For Jeans, mathematics 
was such an ultimate unifying principle of all theoretical 
studies of nature. Using such ideas Dirac, for example, first 
mistakenly identified the proton as anti-electron in the 
thirties (because he wanted ^to have all matter built from 
one fundamental kind of particle') and later, in the sixties, 
opposed the Bootstrap program which was based on S-Matrix 
theory (because the latter rejected the Lagrangian approach 
in Mechanics which was applicable to most of physics, and 
high energy physics was only a small part of physics while 
the underlying principle of the whole of physics should have 
been one). 
The Principle of Plenitude: 
According to this principle, if something can be 
conceived as possible, it must have physical reality also. 
During the 18th century this principle was wrongly used to 
argue for the existence of mermaids as the existence of the 
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latter was seen to be consistent • with the biological laws 
then known. However, using this principle Mendeleev in the 
19th century successfully predicted new elements to exist. In 
this century, using this principle, some physicists conclude 
that tachyons i.e. superluminal particles exist because they 
are consistent with the tenets of the theories ofrelativity 
and quantum mechanics. Dirac used the principle in the 
interpretation of negative energy solutions of the 
relativistic equation for the electron in quantum mechanics, 
and to argue for the existence of magnetic monopoles as well 
as a new ether and also particles of higher spin. 
Arguments based on this principle amount to attempts at 
trying to deduce physics from mathematics and stand in 
opposition to the empirical inductive methods praised by 
positivists. 
The Principle of Mathematical Beauty: 
While the principle of least action and extremum 
principles in general are an illustration of the principle of 
simplicity of nature (for which Planck gave justifications 
based on the nature of human psychology while for others it 
was due to the objective fact that nature's laws were 
themselves like that), for Dirac, for example,in addition to 
simplicity, beauty was also important so that for him if a 
clash arose between simplicity and beauty the latter must 
take precedence. Einstein's General Relativity, according to 
this point of view, although not so simple as Newton's theory 
of gravitation, is more correct, not only because it is 
confirmed by experiment but because it is more beautiful. 
15 
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There are several criticisms of this principle. First of 
all the notion of what is beautiful is very vaguely defined. 
Secondly this amounts to constructing theories of everything 
which are less successful in general than piecemeal approach 
as the failure in this regard by physicists like Weyl, 
Einstein, Klein, Eddington, Heisenberg and others in the past 
demonstrates. Thirdly it tends to refute the generally 
accepted view that mathematics was only a tool for physics 
and not something absolute like God. Unlike Dirac who said 
repeatedly that there are occasions when mathematical beauty 
should take precedence over agreement with experiment, 
Einstein admitted that ^experience alone can decide the 
truth', although he too had said that ^pure thought can grasp 
reality, as the ancients dreamed'. To Weyl , on the other 
hand, like to Dirac, mathematical lawfulness of nature was 
but a^ revelation of divine reason', as he put it. 
Another aspect of this principle was the revival by 
Dirac of the notion of the importance of whole numbers by 
saying that the fundamental importance of the theory of 
complex numbers, as in quantum physics, was a reflection of 
the fundamental importance in physics of the study of whole 
numbers. This amounted to a form of neo-Pythagoreanism. 
One can see that Dirac himself discarded his own 
principle of beauty at times as when in 1958 he rejected 
beauty (Lorentz invariance) for simplicity (writing 
Einstein's equation for gravitation in Hamiltonian form). 
Pauli, following an argument similar to the principle of 
(mathematical) beauty discarded Weyl's two-component equation 
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for the neutrino because it violated parity conservation but 
in 1956-58 Lee, Yang, Wu and others produced experimental 
evidence for parity violation in /3-decay. It turns out that 
Pauli's absolute confidence in the mathematical beauty of 
parity invariance was acting as a block in his scientific 
thinking. 
As it is not clear as to what extent the principle of 
mathematical beauty should be legitimately applied, a whole 
range of heuristic positions has gained currency amongst 
physicists, from extreme Cartesianism to pure empiricism. 
About Dirac himself, who in modern times was a prominent 
proclamanant of this principle, it has been claimed that it 
proved to be a failure in his career. The earlier successes 
of Dirac did emanate from his belief in mathematical 
reasoning but after 1935 or so, when Dirac started repeating 
the need for mathematical beauty, Dirac failed to produce 
physics of lasting value. Dirac's persistent efforts at 
deriving an aesthetically satisfying quantum field theory all 
ended in failures. 
2.3. THE PHENOMENOLOGICAL APPROACH: 
Phenomenology as a trend in philosophy was founded by 
Edmund Husserl (1859-1938) and his followers L. Landgrebe and 
E. Fink etc. [Farber 1943]. Husserl was influenced by Franz 
Brentano (1838-1917). Brento, an Austrian interested in 
psychology, had developed the doctrine that mentality is 
always intentional but that its object is not necessarily 
^real'. Husserl was a mathematician who turned to philosophy. 
He tried to rid theory of knowledge of too much 
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^psychologism'. 
The following is largely based on the account of 
Husserl's phenomenologism as given by the late Professor Syed 
Zafrul Hasan in his book entitled 'Realism: An Attempt to 
Trace its Origin and Development in its Chief 
Representatives' [Hasan 1928]. 
Husserl affirms the objective reality of objects of 
thought which exist, according to him, independent of our 
thinking faculty or its acts, (yet Husserl refutes a simple 
realism of ideas like that of Plato's) . Moreover, the objects 
of thought are such that their mode of existence is peculiar 
to them and being universals they cannot exist as the 
individuals do in definite times and spaces. As to existence 
of individual concrete things, Husserl affirms that these 
exist and are known through perception just as universals are 
known through thought. Both thought and percep tion are ways 
in which we grasp our object with intuitive certainty. 
Intuition is the highest principle of all knowledge. It is to 
be in direct contact with the object, to have it in your 
grasp, which alone is the evidence of all truth. As to the 
objection raised by the relativity of perception namely that 
the supposed concrete transcendent object appears now so and 
now otherwise, so what is it ^really', or is it neither, that 
is that it is all a mere appearance, appearance in our mind, 
subjective, with nothing corresponding to it in reality, 
Husserl says that this does not deny the truth of perception 
because given a transcendent object in relation to a subject, 
it is a necessity of thought that it must appear to the 
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subject diffferent from various points of view, and these 
appearances must be infinte and it cannot be otherwise. At 
the same time Husserl emphatically denies that physical 
science affirms a physical reality of objects as 
fundamentally different from what is experienced. Rather the 
transcendent object we are concerned with in science is one 
which is very much concerned with experience because it is an 
essential nature of a transcendent object to be a possible 
object of perception. According to Husserl, science is 
concerned with actual objects of experience and not with mere 
subjectivistic appearances. In other words, Husserl is 
emphasising the reality of concrete objects, as already 
stated above. He further says that science goes beyond mere 
perception in the sense that it adds thought-determinations 
of these objects to their perception and these thought-
determinations according to Husserl are as litfl.e concrete 
objects as any other universals. To make them transcendent 
entitites like Platonic ideas, of which the phenomena are 
effects, borders on absurdity. At the same time because the 
object is one and self-identical while the appearances are 
numerous and various, the object and its qualities are 
transcendent and are not the contents of sensation or 
appearance. The sensation itself is subjective and consists 
of the quality apprehended and the act of apprehendfing it 
and cannot exist apart from consciousness of which it is 
part. The appearances are thes e sensations and exist only 
in mind. 
Husserl has been criticised for allowing psychological 
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idealism to creep into his philosophy which started by 
refuting psychologism to begin with, because he simply 
affirms the phenomenon with intuitive certainty and makes it 
subjective. No matter how transcendent or unique an object, 
it must nevertheless appear in all appearances to give them 
the character through which they can be referred to the same 
object. It is Descartes' and Lock's ideas and Hume's 
impressions, which he expressly claims his appearances to be; 
and like Descartes, he admits that the world of perception 
may only be a hallucination or a dream, and there may be no 
objective reality whatsoever. 
In more recent times, Nancy Cartwright [please see 
Appendix (II)] has argued for phenomenologism by stating that 
theoretical entitites of physics are real but theories of 
physics themselves are merely helpful guides for organising 
data and not necessarily ^true' or ^real' . She does not 
believe in the ^truth' of theoretical laws but rather 
believes in causal explanations treating theoretical entities 
as causes and is therefore not an extreme anti-realist like 
von Fraassen or Pierre Duhem who do not believe in causes. We 
have discussed these aspects more fully in Appendix II. 
In modern times, phenomenologism, as seen here, appears 
to refute the stand taken by Roger Penrose who, unlike 
Husserl, freely affirms Platonic idealistic realism. 
An aspect of phenomenologism in physics is the use of 
many semi-empirical or empirical formulas and laws that are 
used to state relationships between observed data. Some 
comments in this regard are as follows: 
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1) Initially, the laws of magnetism produced by a 
current were purely empirical laws, but today we know that 
using relativity, these laws can be deduced from 
electrostastics. Thus unless there be intrinsic magnetism in 
the form of monopoles, as seems very unlikely, one may 
assert that magnetism arises solely due to relativity. 
— MX 
2) The law 1=1 e that holds m many situations is 
semi-empirical or phenomenological in the sense that it is 
based on the assumption/picture that the relative fall of 
intensity of the radiation in an element dx of the absorber 
is directly dependent on the thickness of the element i.e. 
dl 
- — « dx. 
I 
3) Cauchy's formula is empirical. When theoretically 
using electromagnetic models of the media, the dispersion 
formula could be deduced, people tended to regard it as the 
wisdom stage. Moreover, as we have described in greater 
detail inn Appendix (I) the dispersion formula of Kramers and 
Heisenberg led to the discovery of the Matrix Mechanics 
version of Quantum Mechanics. 
4) In the early days of atomic spectroscopy, several 
empirical formulae were found which helped in the development 
of quantum theoretical ideas. 
5) Dulong and Petit's law relating the specific heat 
with the atomic weight of a metal is an empirical/semi-
empirical law which was justified, for example, by Debye's 
theory of the specific heat of solids. 
6) The Wiedemann-Franz ratio in solid state physics was 
again an empirical/semi-empirical relationship which was 
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later established using statistical mechanical methods. 
As to semi-empirical laws in Nuclear and Particle 
Physics, they have been commented upon below. 
Strategy for Nuclear or Hypernuclear Calculations: 
It needs pointing out that because differenrt branches 
of physics have grown in different ways and the stage of 
development is not the same, the same strategy cannot be 
followed in every branch of physics. 
Here, we consider only nuclear and hypernuclear physics. 
Two approaches are followed in practice. 
There is the approach of semi-empirical description as 
typified, for example, by the celebrated Weizsacker formula 
for the nuclear masses or the binding energies. Then, the 
other approach is that of so-called phenomenology at a deeper 
level. 
A relativistic formulation of the nuclear or the 
hypernuclear system, taking the nucleons to have finite size 
etc. with solutions obtained exactly or to any desired degree 
of accuracy has not even reached the blue-print or proto-type 
stage but remains there still in principle. In devising a 
strategy the objectives hav^ to be kept in sight. The main 
objective is to be able to predict new phenomena. Another 
objective is to give a formula that can reproduce lots of the 
data or to provide an interpolated value for some 
intermediate situation where experimental data do not exist 
for the time being, when the relevant numbers are substituted 
in it. Many people would think that a third objective is to 
know about reality or to get a true picture of things at the 
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microscopic level. In the light of what has already been 
said, we shall not talk about it. 
One would instinctively feel that the second approach, 
i.e. deep phenomenology is the approach to be used in making 
reasonably good predictions. One would have been content with 
this assertion were it not for the prohibitive complexities 
of the approach requiring tens, if not hundreds or even 
thousands of hours on the fastest imagineable computers. 
However, in principle, the assertion holds, but the question 
as to what strategy should then be adopted to overcome the 
difficulties in practice, remains debateable. Incidentally, 
it is quite clear that the approach of deep phenomenology is 
completely useless for data recall. The prohibitive 
calculations scare away many young people, although those who 
stay on acquire very desireable and useful computer training. 
Thus, at least for the purpose of data recall, we have to 
adopt a much simpler approach leading to analytical formulae 
with the help of which calculations might be done in an hour 
or so on a P.C. In this connection it is well to remember 
that semi-empirical formulae not only give you information 
about some quantity like binding energy etc. but help to 
predict new phenomena as, for example, Weizsacker formula 
predicts fission. These predictions might not be very 
accurate in all cases but still they serve a useful purpose. 
Simplicity is a desireable criterion in devising semi-
empirical formulae because simpler treatments can be more 
transparent. 
Semi-empirical formulae can be instrumental in 
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developing more ^respectable' approaches later. 
Our attempt to give formulae for hypernuclear binding 
energies/excitation spectra was underataken in this direction 
[Shoeb 1984, Rahman Khan 1986], But, as people aspire for big 
physics (for whatever it is worth) , a part at least of the 
scientific community continues to look at such attempts as 
too simplistic. However, this need not be the case as 
explained above. 
There is, perhaps, also need for what might be called 
intermediate phenomenology. Here, one should go for a 
description that incorporates ideas such as Fock exchange, 
Pauli blocking, core polarization, centre of mass energy, 
etc. that arise in deep phenomenology and yet keep the 
formulae in a manageable form so that numerical results can 
be generated in a short time. 
The main use we have in mind of the semi-empirical 
approach and the proposed intermediate phenomenology is to be 
able to make new predictions. We maintain that these 
predictions are to be regarded only as tentative. These have 
to be tested, and if necessary, modified, by carrying out 
deep phenomenology. If we are ever able to achieve the higher 
level of theorization, one would test the predictions at this 
higher level. 
2.4. ILLUSTRATIONS FROM OUR RESEARCH: 
As regards the general state of particle, nuclear and 
hyper-nuclear theory, as stated already, most work in both 
the areas is, at present, of a phenomenologocal nature. For 
example, quark quantum numbers and their interactions have 
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been introduced in a purely ad hoc fashion. Only relatively 
little advance has been made towards a full-fledged particle 
or nuclear theory. There is nothing yet in the same class as 
Q.E.D. Whatever microscopic or semi-microscopic calculations 
are possible are very difficult. So, one should decide on 
doing these after careful consideration. 
We feel that phenomenological calculations should be 
done with a view to locating the situations where microscopic 
calculations are a must or for finding where more careful 
experiments are required. 
We report below, very briefly, a few phenomenological 
hyper-nuclear calculations carried by us. We have tried to 
highlight the conclusions. In some cases microscopic or semi-
microscopic calculations are indicated. One of our 
calculations provides some justification for different 
calculations of the same hypernuclear systems. Some of our 
calculations are reproduced below. 
2.4.1. HYPERNUCLEAR PHYSICS: 
2.4.1.A. Low ENERGY A-P SCATTERING AND P-SHELL HYPERNUCLEI: 
The details of this work are given in the form of 
reprint, attached herewith. We only reproduce the gist 
here in summary form [Ansari 1986]. 
Phenomenological two-body central AN potentials, 
with possible state and spin dependence but without any 
hard or soft cores were used to analyse the existing low-
energy A-p scattering data. Our object was to see how far 
these free-state AN potentials can account for the B. 
5 
data of (a) p-shell hypernuclei (b) .He and (3) A binding 
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to infinite nuclear matter, when a suitable three-body 
ANN force is added to these two-body potentials. The main 
aim of this work was to point out that by adding the ANN 
force it was possible to choose effective AN potentials 
whose two-body part was the same as the free AN 
potential. It was found that out of many equivalent 
parameter sets, accurate F/B (i.e. ratio of scattering 
into the forward hemisphere to scattering into the 
backward hemisphere) data may place severe limitations on 
the 1 = 1 part of the potentials, thus eliminating 
unphysical parameter sets. A strong case was, therefore, 
made for obtaining accurate F/B data. 
2.4.1.B. A-WAVE FUNCTIONS AND DENSITIES OF THE NUCLEAR 
CORES OF SOME P-SHELL A-HYPERNUCLEI: 
A-wave functions and the densities of nuclear cores 
were calculated by fitting the B. values to experiments 
in the case of three hypernuclei namely ALi, .B, and .N 
using first the shell-model approach of F.Mujib et al 
[Mujib 1979] and then the folding model approach of 
I.Ahmad et al [Ahmad 1985], and the results were plotted 
and compared. The calculated percentage overlap in all 
the three cases was quite high (90.3%, 96% and 95.2% for 
.Li, .B, and .N respectively) and the graphs plotted 
showed almost complete overlap between the wavefunctions. 
This is consistent with the detailed results for p-shell 
nuclei by I. Kakkar and Y.Waghmare where results of 
Hartree-Fock calculations were compared with simple 
shell-model calculations. The results will be reported by 
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us later in a suitable journal. 
The formulae used were as follows: 
Shell Model Approach: 
Nuclear Charge Densities: 
P(r) = 
2 2 
4 , ^ X ^^ 
• exp\ - — / + Z 
/ TT K3 V,2 P 3 5 V Tl b b / n b 
exp{ - — } 
b^ 
where Z = atomic number of the nucleus 
Z = number of protons in the s-shell = 2, and 
Z = Z - Z^. 
For Z = 3, 5 and 7 the values of b are as follows 
b (fm) 
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3 
5 
7 
1.705 
1.743 
1.650 
A-Wave Function: 
This is taken to have the form 
/^ 4r 
V H h 
exp{ - — } . 
A 
The corresponding b. were as follows 
b^(fm) 
3 
5 
7 
1.715 
1.777 
1.929 
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Folding Model Approach: 
Nuclear Charge Densities: 
r -^ 2 
r 
p(r) = p <l + a - ) exp 
where 
r -^2 
r 
a 
a =a a 
0 0 
2 3 2 2 
a + - tto (a - ao) 
aj = (a^  - a^) A/(A-1) 
a = (Z - 2.0)/3.0 
0 ^ 
2 ^ 2 
a = - <r > . p 3 proton 
2 2 
where we took <r > . to be 0.856 fm . proton 
Since a and a are interconnected and p can be 
obtained from the formula 
. A 
p = 
0 ,3/2 3 n- a" (1 + 1.5 a) 
0 ^ ' 
it is clear that we can obtain either a or a in each case 
by calculating the rms radii as the square roots of 
Jr^ p(r) dr 
2 0 
<r > = — 
J r^ p(r) dr 
0 
and fitting them to the corresponding experimentally 
given rms values. Integrations used Simpson's l/3rd rule. 
The values obtained for various core nuclei were as given 
in the table below: 
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s. 
No. 
1 . 
2 . 
3 . 
Core 
N u c l e i 
\ i 
^°B 
S^ 
a 
1.7745 
1.7085 
1.7405 
a 
0.327 
0 .835 
1.2184 
C a l 
rms r a d i i 
2 .3999 
2 .4498 
2 .5499 
Exp 
rms r a d i i 
2 . 40 
2 . 4 5 
2 . 5 5 
h-Wave Function: 
Using the above densities we can solve the 
Schrodinger equation numerically for the potential 
V{r) = -V^  P(r)[i _ ^  p2/3(j-)] 
2 
with p = 1.85 fm as in I. Ahmed et al. There is only one 
undetermined parameter namely V which can be fixed by 
fits of the B. values. Normalized wavefunctions so 
A 
obtained are squared and plotted on the same graph as for 
the first approach and compared. There is a considerable 
overlap between the A wave function from the two 
approaches. 
2.4.1.C. A-BlNDING IN SOME LiGHT NuCLEAR ISOBARS: 
For the same mass number (i.e. isobars) hypernuclei 
of different number of neutrons and protons have slightly 
differenrt A-binding energies. The binding energy is 
generally higher for the nucleus with the greater number 
of neutrons when the mass number is the same. 
We examined these data in two different ways in the 
folding model by (a) taking A-neutron and A-proton 
potentials to be different and taking the sizes of the 
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nuclei of the same mass number, and (b) by taking both 
the interactions to be the same and allowing densities to 
be different. The latter suggestion calls for better 
experimentation to decide whether these core nuclei are 
really different [Ansari 1995]. 
2.4.l.D. A-A FORCE FROM THE STUDY OF AA-HYPERNUCLEI: 
The phenomenological shell-model approach used in 
the study of (single) A-Hypernuclei can be extended to 
study the two experimentally ascertained (double) AA-
6 10 
Hypernuclei namely AAHB and A/iBe. On this model, the 
expression for B.. can be written as 
where E_,„ is the centre-of-mass correction and can be CM 
evaluated in a straight forward manner while, taking both 
lambdas to be in the s-shell, the contribution due to a 
gaussian shaped AA-potential gives for "^I^AAI^ "^ ^^  
expression 
s, AA 
<|V..|> = 
^'•^ ("AA-^ 2b2,^-5 
Assuming B. and B. . as experimentally known and b. as 
obtainable from previous studies, we have two unknowns, 
namely U .. and a.., and two equations, namely one each 
£i in 
for A A He and ,,Be, to determine these. We take the values AA AA ' 
of b. from the two studies reported in [Mujib et al 1979] 
to get 
U° .. = - 1524.12 MeV.fm"^  and a.. = 3.02 fm 
s,AA AA 
in the one case, and 
U° .. = - 3126.5 MeV.fm^ and a.. = 3.1 fm 
s,AA AA 
3S 
in the other, by the simultaneous solution of the two 
equations. However, if a. . is fixed initially at the 211 
exchange value of 1.044 fm, and the depth U .. is 
3 determxned separately, we get the depths -392.2 MeV.fm 
or -459.8 MeV.fm from the analysis of A AHe, and -540.2 
3 3 . 1 0 
MeV.fm or -641.6 MeV.fm from the analysis of A ABe 
respectively. The discrepancy in these values requires to 
be understood but it can be taken to further reaffirm the 
urgent need for more data on AA hypernuclei. Some 
researchers have rejected the helium event as unreliable. 
As to the interaction extracted from the ..Be event 
AA 
alone, it was found previously to correspond to a S 
scattering length in the range -5 fm ^ a,. s -2 fm which 
is not sufficient to form a S AA bound state. Our 
0 
result extracted from ..Be alone seems to give somewhat 
AA 
higher negative values of scattering lengths but can be 
thought to be consistent with the other findings. 
When , however, we take the repulsive exchange 
energy into account we find that the strength of the AA-
force depends on it so that for a certain value of the 
exchange energy and more, AA-force can become large 
enough to bind the two particles. The uncertain situation 
can only be resolved by a reliable microscopic or semi-
microscopic calculation and after more experimental data 
on AA hypernuclei becomes available. Until then we can 
not say whether the dibaryon of strangeness 2 exists as a 
bound system or not. 
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2.4.2. ATMOSPHERIC PHYSICS: 
Example of a Semi-Empirical Relationship: 
Data for monthly averages of diurnal variations of 
T and T ._, the maximum and minimum temperatures [ and 
max min 
therefore their difference AT = (T -T . ) ] , and h = 
^ max m m ' •' 
relative humidity, all averaged over a period of thirty 
years, are readily available for various locations in 
India. We take the data for Kanpur as an example. This is 
given as follows. 
METEOROLOGICAL DATA FOR KANPUR 
3t) 
Month T . ( C) h (%) 
min ^ ' ^ ' AT = (T -T . ) ( C) ^ max min' ^ ' 
Jan 
Feb 
Mar 
Apr 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
8.6 
11.0 
16.3 
22.0 
27.2 
28.7 
26.6 
25.8 
24.9 
19.6 
12.3 
8.5 
80 
69 
47 
33 
35 
54 
81 
86 
81 
69 
66 
78 
14.2 
15.0 
15.4 
16.3 
14.5 
11.2 
7.1 
5.3 
7.8 
13.1 
16.6 
14.8 
Our intention here is not to do a thorough study but 
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merely to indicate an approach in outline. We notice that 
during the monsoon months of June-September not only does 
the humidity go through a peak but that the difference AT 
goes significantly down indicating a relationship between 
temperature changes at a place and the presence of water 
vapour in the atmosphere there. Moreover,! . can be 
min 
expected to depend on the infrared heat flux out of the 
earth at night which would increase T . in the presence 
of excessive water vapour in the atmosphere due to the 
^green house effect'.T , on the other hand, depends 
more on the direct sunlight incidence during the daytime 
which is in a wavelength region which is not readily 
involved in the green house effect, so that one may 
expect a first relationship between At and h and T . . 
'^  m m 
Trying out a relationship of the form 
AT = a + p h + 'j'T. 
min 
one readily finds that one can reproduce the data to 
within less than 10% for values of the parameters a = 
31.6, |3 = -0.2 and y = -0.3 respectively. One can improve 
2 
the fat by using proper x fitting programmes and also 
better (including non-linear) expressions . Thereafter, 
one can then go for a deeper phenomenological study using 
detailed spectroscopic and radiation physics alongwith 
advanced geophysical fluid dynamics and thermodynamics 
etc. to explain in detail why a relationship like this, 
with the numbers as given, obtains [Ansari 1995a]. 
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2.4.3. COLD FUSION: 
The Chaos Associated With It: 
Fusion was thought to occur only at very high 
temperatures because energy had to be supplied to 
overcome the Coulomb barrier. Thus, it came as a great 
surprise when Pons and Fleishman claimed occurrence of 
fusion at ordinary temperatures in an electrochemical 
experiment. Hence the name Cold Fusion. That caused 
feverish activity all over the world to study the new 
phenomenon. On the surface, the results were neither all 
positive nor all negative. This led to very great 
controversies. It seems the work in the area has very 
much slowed down, if not completely stopped. It is not 
our intention here to discuss whether the effect exists 
or not. Here we only want to very briefly discuss any 
possible failure of the scientific method. 
One of the main objections of the ^non-believers' 
was that, even if one were to accept some of the results 
claimed to be positive, the phenomenon did not belong to 
science as it was not reproducible. 
This in itself, however, cannot be claimed as an 
argument because in the early days of Faraday's induction 
experiments, the induced current was sometimes observed 
and at other times not observed because when the lines of 
force were along the plane of the coil, even when the 
coil yas at different rotated orientations, no induced 
current was to be observed. Thus, initially, the effect 
was not always observed. It was realized after quite some 
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time that orientation of the coil was important for the 
success of the experiment. 
In the initial stages, many biological effects were 
not reproducible. What was happening was that some 
^imponderable' entity was present in one situation and 
not in the other. This made all the difference. 
When we say that experiments (at least classical) 
ought to be reproducible, it is clearly understood that 
these have been done under identical conditions. Thus, it 
is quite possible that the so-called c^old fusion' was 
not always being done under identical conditions, the 
experimenter not knowing all the conditions. It is indeed 
a matter of great concern for nuclear physicists that the 
high neutron fluxes observed during the experiments were 
all spurious. How are we, then, to believe the 
correctness of other neutron flux experiments? [Rahman 
Khan 1995], 
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C H A P T E R ( 3 ) 
O N M A T H E M A T I C A L I M P R O P R I E T I E S 
I N P H Y S I C S 
3.1. INTRODUCTION: 
Even non-physicists know that a great deal of mathematics 
is used in the physical sciences, engineering, economics, etc. 
Now, it is entering areas like life sciences. However,it is 
also vaguely known and we only try to bring it in sharper 
focus here that the mathematics applied in these areas is so 
much more permissive that a purist might go to the extent of 
saying that much of it has no more than formal resemblance to 
mathematics. For these reasons, the attitude towards their 
disciplines, of the mathematician on the one hand, and the 
theoretical physicist or even the mathematical 
physicist/applied mathematician on the other, are very 
different. For instance, the former does not regard infinity 
as a number; the latter treat it almost like any other 
number. Whereas the mathematician regards infinity as a 
signal of breakdown, it is not always so to the theoretical 
physicists for whom it is sometimes quite innocuous, sometimes 
useful or convenient, and sometimes it even rescues him from 
some rather awkward predicament, as, for instance, the 
singularity in second-order differential equation in quantum 
mechanics (as also in many cases in classical physics) allows 
only one of the two solutions to be acceptable, thereby giving 
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him a unique solution. (We may call this situation as 
'infinity rescuing physics'). Of course, there are also many 
other situations where occurrence of infinity, or other 
niathematical improprieties, makes the theoretical physicist 
very unhappy. 
Very similar are the contrasting attitudes of the pure 
mathematician on the one hand, and applied mathematicians of 
all hues (including theoretical physicists) on the other, 
with regard to other mathematical improprieties. All these 
things do not have the approval of mathematical orthodoxy, as 
symbolized by institutions such as those of the Bourbakis. 
What mathematicians scorn at, actually works, i.e. 
nature seems to be structured that way. So, the theoretical 
physicist is not at all perturbed. What has actually happened 
is that mathematics has been extended beyond its normal 
boundaries and confines, in order to describe many natural 
phenomena. Thus, whereas one should try to reconcile as much 
as possible with orthodox mathematics, one should not always 
feel compelled to keep within the confines, spelt and charted 
out hundreds or even thousands of years ago when nature 
appeared so much simpler. New needs may demand radical 
changes, but these have to conform to a logic. Finding a new 
logical/philosophical framework seems to be the task. 
Unfortunately, in this work, we have been pre-occupied with 
other related matters, so we have not much to say about this 
new logical/philosophical framework. Of course, it is also 
possible that there might still exist approaches, yet 
4 
unexplored, within the framework of mathematical orthodoxy, 
which could describe natural phenomena without giving up 
established orthodox positions. Only long experience will 
tell. In what follows, we illustrate most of the things 
mentioned above by many simple examples. We classify these 
things under the following heads/principles : 
1. Ignorable infinity 
2. Principle of permissible infinity 
3. Principle of elimination of infinity 
4. Principle of defining improper quantities 
Then, though, not related to these matters, is Dirac's 
Cartesian Principle. Rather surprisingly, it does not seem to 
have been critically examined earlier. Our first impression is 
that it is false, but deeper and more thorough study is 
required before pronouncing the final judgement. 
By classifying the matter studied under heads/principles 
given above, we have been able to put the things in sharper 
focus. In the process, we have been able to look at certain 
things in a non-conventional way. This has provided some 
classifications and generated somewhat better understanding. 
This approach has led us to obtain a few new results or rather 
to provide a new insight into some familiar things. Some 
things that we always knew to be true have now been understood 
better. 
Next to mathematical impropriety, there are non-linear 
phenomena including a high level of mathematical complexity. 
It should be looked at more carefully to examine it for more 
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subtle mathematical improprieties than meet the casual glance. 
Non-linear phenomena are going to steal the lime-light. 
However, our loud thinking is that when we look at the most 
fundamental level generally, the equations are not only 
linear, but simpler in other ways also, and more elegant than 
when we study actual situations. We may call it the Principle 
of Mathematical Elegance. Dirac and many other top theoretical 
physicists have been great believers of the principle. 
3.1.A. LANGUAGE OF PHYSICS: 
3.I.A.1. SYNTACTO-SEMANTICS ; MATHEMATICS AS LOGICAL SYNTAX: 
The logic of physics is syntacto - semantics in the sense 
that mathematics provides the logical syntax (syntactics) to 
which is added a specific physical interpretation (semantics, 
or meaning) to provide a complete physical theory. The same 
material structure may, therefore, be described by several 
mathematical structures, each with its own corresponding 
physical interpretation [Strauss 1972]. For example, 
observables in Quantum Mechanics can be thought of as 
matrices in Heisenberg's Matrix Mechanics or as functions in 
Feynman's Path-Integral approach, or as elements of an 
Abstract Algebra a la Dirac, or as Self-Adjoint Operators in 
the Hilbert space a la von Neumann, etc.. Of these many 
supposedly equivalent formulations, one or the other may 
be best suited to a specific problem [Omnes 1992]. 
On the other hand, the same kind of mathematical 
equations may describe varied physical phenomena, differing 
widely from each other in physical content. Thus, for 
4f) 
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example, the equation (V + k ) 0 = O, where k is a 
constant, or a function of the independent variables, 
describes phenomena in as widely different fields as Quantum 
Mechanics, Classical Wave Theory, Reactor Physics, Heat 
Transfer, Hydrodynamics, etc. [e.g. Elmore 1969, Mott and 
Sneddon 1950, Weinberg and Wigner 1958, Carlsaur and Jaeger 
2 1959, Lamb 1932]. The interpretation of k and <p is, of 
course, dependent on the case being considered. 
In many physical situations, explicit time-dependence may 
be factored out in a suitable way and the time-independent 
modes supposedly give stable, or stationary, solutions in 
time. Transitions between these equilibrium or stable states 
can then often be studied by adding time-dependent 
perturbation terms to the equations. Otherwise, the factor exp 
(-iwt) simply means that the ^stable' solution just keeps on 
propagating onwards in time. If the solution can be 
represented as a vector in some imaginary Platonic world, exp 
(±iwt) simply means that the vector keeps on steadily rotating 
as time goes on, traversing an angle wt in time t, either in a 
counter-clockwise or clockwise direction. 
The D'Alembert wave equation 
(V^  - 1/v^ d^/dt^) (A = 0 (1.1) 
reduces to the Helmholtz spatial form 
(7^ + k^) <p = 0 (1.2) 
on letting ip = <p exp (±ikvt) . Similarly, the heat 
conduction or diffusion equation 
(V^ + l/k a/St) 1? = 0 (1.3) 
4V 
reduces to the Helmholtz form 
(V^  + A^) 0 = 0 
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on letting i> = ^(r) exp (-kX t) , and the time-dependent 
Schrodinger equation 
(-h^ /2mV^  + V(r)) ip = iha^/at (1.4) 
reduces to the Helmholtz form 
(V^ + k^) <i> = 0 
if 0 = </>(r) exp (-icat) , where u = (E/h) and k^ = (2m/h^) (E-V) 
[e.g. Sneddon 1957, Schiff 1968]; when V is a function of 
2 
r, k IS no longer a constant, but a function of r. 
Even though the transition of the D'Alembert equation to 
the Helmholtz equation is trivial, there is a profound 
difference in the physical phenomena described by the time-
dependent and time-independent equations. For example, the 
solutions of Helmholtz equation are stationary waves. These 
waves do not obey Huygens' Principle or Feynman's Path 
Integral ansatz. We might discuss this matter in detail 
elsewhere. Huygen's Principle (which is the relativistic 
version of Feynman's Path Integral) applies to the spreading 
pulses which are solutions of D'Alembert's wave equation or 
Schrodinger's time-dependent equation [Gutzviller I9SS7.While 
the time-independent Schrodinger equation can be used to 
describe stationary states in quantum mechanics, the time-
dependent equation is needed to predict transition rates and 
other dynamic phenomena. 
A beginner might be intrigued by the fact that such a 
simple equation as 
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(v^  + k^ ) 0 = 0 
(or the one involving the time derivative) describes so many 
diverse physical phenomena. Broadly speaking, in almost the 
whole of nature there are two kinds of phenomena, wave-like 
situations such as sound waves, gravity and surface waves in 
fluids, e. m. waves, matter-waves etc., and particle-like 
situations. All wave-like phenomena naturally bring in V and 
a partial time-derivative. There are many problems 
involving scalar and/or vector potential and these also 
2 
naturally bring m V . Since these are linear equations, it 
follows that the superposition principle has wide 
applicability. 
It is also of interest that many of the 
common equations of mathematical physics at the fundamental 
level are first or second order differential equations. It is 
well-known that an nth order differential equation can be 
written equivalently as n first order differential 
equations in terms of suitable variables. If mathematical 
models are expressed as the set of coupled differential 
equations: 
dx"/dt = F(x'',Cn,) 
where n = 1....N, N being the dimension of the system (equal 
to number of independent variables used in the model) , and 
where C;,, (with m = l...,M) are the system's control 
parameters, then according to Dynamic Systems Theory, systems 
of the type defined in this way cannot generally be assumed 
to be stable for N > 2. For mathematical systems representing 
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laws of physics, one says that the law is fragile if, when 
changed slightly, it yields observationally different sets of 
predictions, whereas the law is said to be stable if it does 
not. Stability or fragility, therefore, have to do with the 
nature and strength of the perturbations involved, as veil as 
on the nature of the system. Could it be that the reason for 
the Fundamental Laws of Physics being expressed in N first 
order coupled differential equations, where N is 1 or at most 
2 but not greater than 2, has to do with these findings of 
the Dynamic Systems Theory? Even while conceding that the 
systems described above may be stable or fragile 
contextually and not a priorily (because the nature of 
constraints or control parameters cannot be omitted from 
consideration, if complex interactions are assumed a la 
Prigogine to exist even at the fundamental level), it is 
nonetheless suggested that because our empirical evidence 
corresponds to description in terms of equations with N = 1 
or 2 only, that dynamical systems theory must have something 
to do with it because systems with N>2 are, in general, not 
stable according to it [Tavakol 1991]. 
Thorn, in his Theory of the Catastrophes, presents 
the view that fundamental processes of nature like 
morphogenesis must be described by topologies in dynamic 
4-dimensional space-time, instead of in static 3-dimensional 
spaces. His catastrophe points, at which changes of form take 
4 place, occur m the 4-dimensional space-time R . Forms exist 
because they have stability in time and space, and forms 
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change when instabilities occur in R leading to something 
like an order-disorder or phase transition. In Thom's words: 
'We, therefore, endeavor . . . here, to free ourselves 
from three dimensional experience and to use more 
general, richer, dynamical concepts' . 
(Thom 1975) 
Reduction of a system to consideration in purely static 
terms, in three-dimensional space (or configuration space) 
would, in fact, subtract essential features from the total 
reality of the system and may, in turn, lead to serious 
difficulties in calculation and/or interpretation. 
3.1.A.2. CAUSALITY, PROBABILITY. LOGIC: 
Description in terms of differential equations already 
involves a deterministic or causal approach. Given the 
boundary or initial conditions, the equation can uniquely 
determine the rest of the solution. However, one might be 
cautioned that this result holds for ordinary differential 
equations. With this reservation, the same remark applies 
even to quantum mechanics in the sense that ijj and its first 
space derivatives in the initial situation fully and uniquely 
determine i/  everywhere subsequently. This is causality of 
sorts, though certainly not in the spirit of classical 
physics [Lande 1960, Wiener 1966]. The solution can be 
obtained analytically, or numerically with the help of 
computers, when differential equations are written as 
difference equations and solutions can be completed at all 
grid points, starting with given values at the boundaries 
SI 
[e.g. Hartree, 1952]. With the advent of computers with very 
compact and large memories the latter method (namely 
numerical integration) has come into wide use in science as 
well as in engineering. 
We may mention in passing that the very idea of 
causality has been strongly attacked by such eminent 
philosophers as John Locke [Miller 1947]. We are not going 
to enter into any debate over the matter here, although it 
might be discussed elsewhere. 
To a large extent, pure mathematics in the Platonic 
sense turns out to be pure idealism in that it can only be 
reached via the mind. To the Platonist, mathematics, for 
example, must be studied and understood for its own sake, and 
from his point of view there is no need to seek completely 
accurate applicability to the objects of physical experience 
(Penrose, 1989), However, this extreme idealistic position 
notwithstanding, it is also asserted that there is no 
alternative but to describe the physical world with the help 
of mathematics. This principle is the cornerstone of modern 
physical science. These considerations apply equally to 
quantum and to classical physics. 
As regards assignment of tangible meanings to 
mathematical symbols, the trend is rather recent in the sense 
in which, for example, it is no more meaningful to ask what 
the sum of the series l-l+l-l-¥i-i + . . . is, but to ask what 
meaning at all, if any, can be given to such a series (Hardy, 
1949). Green's function also belongs to the same genre 
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(Principle of Defining Improper Quantities). 
More recently the advent of chaos or deterministic 
randomness is reported to have dealt a serious blow to the 
notion of deterministic predictability. This arises because 
real numbers can not be properly defined and there is an 
element of randomness involved. Specifying an initial state 
involves specifying a set of numbers. These numbers, in 
decimal notation, involve infinite sequences of digits. It is 
not possible humanly to provide this specification so that 
orbits become random and deterministic predictability is lost 
[Chaitin 1982, 1987]. Chaos affirms Maxwell's old saying 
that 
'The true logic of this vorld is the calculus of 
probabilities' . 
At the microscopic level this is supposed to lead to 
generalized uncertainty principle (due to a small 
irreducible noise level in every measurement) , namely 
SA/A £ a, 
for each single observable A, where 5A is uncertainty in A and 
where a is a new fundamental dimensionless constant of 
nature. Like the Theory of Relativity and Quantum Mechanics 
before it, chaos is also supposed to point to a new 
limitation of man [Ford 1983]. It is supposed to be the 
source of a new revolution in Physics, but we will not deal 
with that here. 
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3.1.B. MATHEMATICAL PROPRIETY: 
3.1.B.1. GENERAL REQUIREMENTS FOR THE SOLUTION: 
Whereas, mathematically, one is inclined, therefore, to 
ssert that the solution of the differential equation of a 
physical problem be finite, single-valued and continuous 
everywhere [e.g. Sommerfeld 1949], the nature of a singularity 
of the solution can not be considered in isolation without 
regard to the physically measurable quantity that it, or 
functions derived from it, constitute (The Ignorable 
Infinity ) . 
David Hilbert's finitist programme for mathematics can 
be summarized in his own words as : 
'The infinite is nowhere realized; it is 
neither present in nature nor admissible as the basis 
of our rational thinking; a noteurorthy harmony 
between being.and thinking ' 
[Chudinov 1983]. 
Yet we may assert that, in many situations, the 
infinity does not worry us and is used as freely as other 
mathematical entities. 
On the other hand, one might say that the occurrence of 
singularity is an indication that the equation we are using 
may be deficient, and addition of new terms to the equation, 
generally implying consideration of some effect that was left 
out earlier, might be required to remove the singularity by 
cancelling it. In other words, occurrence of infinities might 
be an indication that we must improve our framework in which 
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we are describing the phenomena. An improved model or 
description may sometimes be found that gets rid of the 
infinities occurring in the older model (Principle of 
Elimination of Infinity). Sometimes, infinity signifies some 
important physical occurrence like existence of source or 
sink of flux, etc.. In such a case infinity has a positive 
rather than a negative role (Principle of Permissible 
Infinities ) . 
Singularity of a function representing a physical 
quantity can prove a problem for a theoretical physicist in 
different ways. A function may be square-integrable (as 
required in quantum mechanics) but it may not be 
differentiable in the normal sense. For example, the 
Heaviside function is square-integrable between say ±a, but 
its differential coefficient at x = O gives an improper 
function, namely S(0). 
Another kind of situation may arise quite innocuously. 
Consider a simple equation like dy/dx = a y, the solution of 
which IS y = e . Were a = 0 exactly, y = constant will be 
a solution, but in actual practice there will always be some 
error ±c in measuring a. If a = +e , say, where e is very 
small, the solution e will blow up at sufficiently large 
positive X, and will not be finite everywhere. If a = -c, the 
solution will vanish for sufficiently large x. If then y 
constant were found to be the solution empirically at large 
X, it will be an indication of the exactness of measure of, 
or of the fact that the behavior of the system was kept on 
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course by continuous monitoring, feedback, and correction. In 
the general case of a differential equation, there is no 
theorem vhich vill ensure that small error in the initial 
conditions vill always lead to small error in the final 
values of solutions. This is the basis of deterministic 
randomness, or chaos, referred to above. 
There is yet another mathematical impropriety as far as 
physics is concerned, in that there are a host of classical 
problems where the differential and the integral calculi are 
used on the assumption that matter is a continuous medium 
contrary to its well known atomistic nature [Layzer 1990]. 
This point is discussed further towards the end. 
3.1.B.2. DOUBLE - VALUEDNESS: 
In quantum mechanics, strictly speaking, double-valued 
wave functions can not be excluded a priori because only 
physically measurable quantities like the square of the wave 
2 
function, \<p\ , can be compulsively required to be single-
valued [von Neumann 1955]. This, for example, is the case 
with the spinor wave function of the spin 1/2 particle, say 
(p, which becomes -(p upon rotation of coordinate system by 2n 
[Blatt and Weisskopf I960]. This anomaly is usually resolved 
by using additional group-theoretic arguments. 
3.1.B.3. IMPROPER FUNCTIONS: 
As Dirac had shown, an improper function like 6(x) does 
not itself have a well defined value, but when it occurs in 
an integrand, the integral has a well defined value. 
Therefore, such improper functions can be allowed in the 
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theory if they appear all through only in integrands and no 
anomaly in the final result is involved. Similar is the case 
of Green's functions which are examples of improper integrals 
(to be subsequently discussed at seme length). Even though 
5-function is an improper function, it is now commonly used 
in the above way by mathematical physicists. Incidentally, 
mathematical orthodoxy has now fully legitimized it [Mathews 
and Walker 1970, Roman 1969]. 
3.1.B.4. THE FREE PARTICLE WAVE FUNCTION IS NOT SQUARE-
INTEGRABLE: 
For the free-particle wave function (p = exp (ikr) , 
2 S\<p\ dx is infinite, where the integration is over all space. 
Therefore, it requires departure from the Hilbert space. As 
Dirac has pointed out, when dealing with eigenvectors of an 
observable whose eigenvalues form a continuous range, one 
has to use a space vhich is more general than a Hilbert 
space [Dirac 1958]. 
Box and 6-function normalization are essentially 
mathematical artifices for defining certain procedures 
without which the integrals would not have meaning as these 
are infinite. The box about which we talk in this context is 
not the rigid box. Here it is only a hypothetical box and 
not a physical one [e.g. Born 1962, Ziman 1972]. The 
normalization integral of the plane wave, in the 6-function 
sense, is actually a defining relation. It does not have 
meaning by itself. 
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3.2. INFINITIES AND SINGULARITIES IN QUANTUM PHYSICS: 
3.2.A. SINGULAR SOLUTIONS: 
3.2.A.1. EXAMPLES: 
In what follows, we look afresh at physical aspects of 
how or why certain mathematical "blasphemies' are or can be 
permitted in problems in quantum as well as classical 
physics. We look closely at solutions like cos kr/r, exp (± 
ikr)/r, Y (p), etc. of some of the equations we have 
mentioned, for values of r or p tending to zero, under 
different physical situation. 
In the process, we comment on the preferential role of 
Cartesian coordinates in quantization of classical systems, 
as also on how removal of singularity as well as proper time-
ordering is obtained by simple artifacts in the usual 
treatment of Green's functions or propagators. We also 
mention several other instances of infinities occurring in 
physics in different problems. In section III we take a 
critical look at the nature of general solutions and boundary 
conditions applied in classical physics in general and the 
diffusion theory treatment of neutron fluxes and currents in 
the theory of nuclear reactors in particular. Similar 
considerations apply to the heat conduction equation. The 
discussion we give is quite general, illustrated with some 
examples, the earlier part i.e. section II dealing mainly 
with quantum situations, and the latter part, i.e. section 
III with classical situations. Section IV deals with some of 
the less conspicuous blasphemies. 
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3.2.A.2. SCHRODINGER TIME-INDEPENDENT EQUATION ( L = 0 CASE ): 
At the time when Schrodinger's differential equation 
was being framed, the wave function was required to satisfy 
certain mathematical conditions whereas physical 
interpretation of the wave function itself was open to 
investigation [Mehra 1982, Goldstein 1980]. At present, it 
is the logical approach involving partial Boolean algebra 
using the so-called 'histories' that is being taken to 
provide a consistent interpretation in quantum mechanics 
[Omnes 1992]. It is, therefore, reasonable to ask if the 
validity or otherwise of rejection of a function like cos 
kr/r as solution of 3-D time-independent Schrodinger equation 
for the square well problem, for the 1 = 0 case, on account 
of its singularity at r = O, , can be decided upon by a 
priori mathematical arguments alone (as is sometimes 
assumed), and if so in what fashion this is done, or is this 
question amenable to answer by a more direct empirical 
test, or if there are other alternatives ? 
We consider the Schrodinger time-independent equation 
for 1 = 0 for the 3-D square well [Schiff 1968] and set the 
wave function 
ilj{r) = 0(r)/r ; 
then we get 
(d^/dr^ + k^) (^  = 0 , r < a. 
and 
(d^/dr^ + p^) (p = 0 , r > a, 
with k^  = VQ - (3^  and ^^ = -2 m E/h^ 
17 
59 
2 
where V = 2inU /h and U is the depth defined by 
U(r) = -U^ ,. r < a, U(r) = 0 , r > a. 
It is usually asserted that both A cos kr/r and B sin 
kr/r are the solutions, but A cos kr/r is traditionally 
rejected because it is irregular at r = O. We examine this 
more critically. 
For the 1-D and 2-D cases it has been shown that for 
arbitrarily weak attractive potentials, bound states will 
occur but they will not occur for the arbitrarily weak 
attractive potential in 3-D due to non-acceptance of one of 
the two solutions, namely cos kr/kr for the 1= O case. We 
discuss how much justified it might be to reject this 
solution solely on account of the singularity at r = O. As is 
well known, it is the probability density in a certain small 
volume and not the wavefunction itself which is measured 
physically directly [von Neumann 1955]. In case of cos 
2 kr/kr the probability in volume element is cos kr dr sini? di5 
d<p. This is not singular anywhere, including the origin. So, 
from this point of view, there is really no compulsion to 
reject cos kr/kr a priorily on the grounds of the singularity 
at r = O. One way to decide the issue is ultimately to use 
empirical evidence for or against, but other alternatives 
should first be considered, as we do in what follows. 
3.2.A.3. DiRAc's CARTESIAN PREFERENCE PRINCIPLE; 
QUANTIZATION OF THE CLASSICAL SYSTEM.-
For rejecting cos kr/kr one possibility is that one may 
invoke the Principle of Preference for the Cartesian 
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Coordinates [Dirac 1985], in the spirit of Dirac. Let us 
call it Dirac's Principle of Cartesian Preference or Dirac's 
Cartesian Principle. It seems that it has not been 
.X. 
discussed adequately in the literature" We briefly mention 
the principle below. 
As indicated by both Dirac (1958) and Schiff (1968), 
for quantizing a classical system when one writes the 
classical Hamiltonian equations in terms of Poisson Brackets, 
in accordance with {A, B} > [A, B] , one should first 
express the coordinates and momenta in Cartesian 
coordinates. 
According to Dirac, for motion in a central field of 
force, what this means is that the wave-function satisfying 
the Schrodinger equation in spherical polar coordinates must 
also satisfy the same equation in Cartesian coordinates which 
may be assigned a primacy. This is the Dirac Cartesian 
preferences principle. By straight-forward calculation, we 
find that for the region inside the square well 
[a^/ax^a^/sy^+a^/az^] [^^^] = -k^[^^"/^] (i.v) 
but 
(1.8) 5^ /ax^ +a^ /ay^ +a^ /5z^  
'cos kr") _ {,2 6 ") fcos kr"" 
where k^ = 2^/h^{V^ - |E|). 
Therefore, sin kr/r is a solution of the Schrodinger 
equation in Cartesian coordinates for all r but cos kr/r is 
not a solution at any r except for r—> », if at all the 
potential extends upto there. Therefore, the latter is to be 
rejected in the bound state problems, if one is to accept 
(") V. Fock ('The Theory of Space, Time and Gravit atlon' , 
Perganion Press, Oxford, 1959) points out that Lorenz 
transformations are linear only in Cartesian 
coordinates . 
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Dirac's precept. The results following from this seem to be 
in accord with observation. However, this does not at all 
establish Dirac's precept as the discussion that follows 
shows. 
3.2.A.4. THE NO-SOLUTION SITUATION: 
But before we take a final stand on this issue it has 
to be considered whether cos kr/r is at all a solution of the 
Schrodinger equation in spherical polar coordinates at r = O, 
as the function is not properly defined there, so that a 
careful investigation is required. By integrating over a 
small volume (for simplicity, taking it to be an 
infinitesimal sphere) around the origin, and invoking Gauss's 
theorem [Jackson 1975] we get : 
or 
^2 j- A_co^Jcr J ^ -4nA5(r) 
On the other hand, the volume integral of the second 
2 2 f 
term -k </>, taken on the right hand side, is -k (cos kr/r) 
2 
r drdn = 0. So, cos kr/r is not a solution at the origin. 
Were A cos kr/r a solution of the Schrodinger equation 
everywhere, including the origin, there would be no 
justification in dropping it, even though it is irregular at 
r = 0, as already pointed out above, if we were not adhering 
to Dirac's precept. However, it turns out that not only is 
cos kr/r not a solution of Schrodinger equation in Cartesian 
coordinates anywhere except at r—> oo, it is also not a 
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solution of the equation in spherical coordinates at r = 0. 
2 
Rather, it is a solution of the equation \7 i/  = -4nA6(r) at 
r = 0. The same equation holds good for the solution exp (± 
ikr)/r. Sahu et al. [1989], while pointing out that 
2 • • 
V (1/r) = 4116 (r), take this to imply that cos kr/r is not 
an acceptable solution at r = 0. Here, we have seen this 
directly. 
In the light of the above remarks one should carefully 
study the irregular Coulomb solution to see if it has been 
rejected for the region, including the origin, merely because 
it is irregular at r = 0, or it so happens that it is not a 
solution at r = 0, like the situation for cos kr/r discussed 
above. 
All the above notwithstanding, the fact remains that 
Dirac's Cartesian Principle has neither been proved nor 
disproved by the above considerations. It deserves a full 
fledged discussion elsewhere and we intend to do so 
subsequently. We consider this matter only very briefly in a 
later section. 
Suffice it to say here that since cos kr/r is not a 
solution for any finite r in the Cartesian case, therefore if 
Dirac's Cartesian Principle holds, this solution would not 
exist even when r = 0 is excluded. Then, it should be 
possible .to devise a suitable empirical test quantum 
mechanically to confirm the actual situation with regard to 
validity of such a principle. (The argument for the classical 
case would be more indirect although one may design classical 
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experiments also to see if any such ' principle holds for 
classical physics). 
As regards the solutions of the same problem in 
different coordinate systems, it seems quite obvious on 
general grounds that where the state is non-degenerate the 
solution in one coordinate system must also satisfy the 
equation in any other coordinate system. However, where there 
is degeneracy, it turns out that a degenerate solution in one 
coordinate system is a linear supisrposition of the degenerate 
solutions of the same energy in another coordinate system. 
We illustrate this by considering the first excited state of 
the 3-D isotropic harmonic oscillator which is 3^fold 
degenerate. One finds that 
0^^^(x,y,z) = ^^^^(r,t?,^) , 
The accidental degeneracy arising in this case for 
spherical coordinate system is due to the fact that the 
isotropic oscillator is invariant under a group of 
transformations which is much wider than the group of 2-D 
rotations [Rajput 1990]. 
3.2.A,5. SCHRODINGER EQUATION ( L ,=^ 0 RADIAL SOLUTIONS): 
We have discussed the cases 1 = 0 above, but the 
nature of the results is the same for 1 > 0. The radial 
solution of Schrodinger equation may be taken as an infinite 
series r"(a + a r + a r + ), and for getting the 
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behavior near the origin one may only take the term a r . 
Substituting this into the equation and equating the leading 
term to zero, we can get useful information about the nature 
of the solution in the immediate neighborhood of the origin. 
We summarize below the results of this simple analysis: If 
2 
V(r) does not go to infinity faster than 1/r as r—> 0, there 
are formally two independent solutions; one going as r and 
the other as 1/r ^ ' for given 1. For 1 = 0 there is thus a 
solution going as r for r—> 0, as already seen. The latter, 
going as 1/r, is in fact not a solution at the origin (r=0), 
even though it may be a solution elsewhere. For 1 = 0 the 
function going as 1/r' ' near the origin can not be 
accepted as a solution, even if it were to be a solution 
2 
at r=0 because the quantity l^ l^ dV blows up as r—> 0. 
If, on the other hand, V(r) goes to infinity faster than 
2 1/r as r > 0, then, for any 1 whatsoever, the quanta 1 
problem does not have a solution. Thus, we may assert that 
there should not exist in nature a physical interaction 
2 potential that goes to infinity faster than 1/r as r—> 0. 
A beginner might be confused by the well-known fact 
that the potential energy between many atoms/molecules goes 
as 1/r where n lies between 6 and 12. This is the so-called 
Van der Waals force. However, one should not forget that the 
above radial dependence of the potential applies to large and 
not to small r. 
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3.2.A.6. RADIAL SOLUTIONS AND PARTICLE FLUXES: 
"••ikr The function e~ /r are time-mdependent solutions of 
the classical wave equation as well as the Schrodinger 
equation as seen in the beginning. As before, the question we 
+ikr 
ask here is whether the functions A e~ /r satisfy the 
equation 
V^^(r) + k^(p(r) = 0 (1.9) 
also at r = 0 ? 
Using the same arguments as used for cos kr/r earlier 
ikr 2 
one has that e /r does not satisfy the equation V 0 + 
2 
k ^ = 0 at r = 0. In fact,, it satisfies this equation 
everywhere except at r = 0 where it satisfies the equation 
y^0 = -4 n 5(r) . (1.10) 
Same is the case with e /r. 
In Quantum Mechanics (Schiff, 1968) we know that 
the flux vector is given by : 
S(r,t) = - ^ ( 0*V <P - (70*)4 • 1.11) 2im L J 
With (p = A e" /r, this gives S = ±hk |A I r/mr 
which > 00 as r—> 0, where r/r is a unit vector along r. On 
the other hand, if we consider the normal flux out of or 
into a spherical surface of radius r surrounding the origin, 
we get the value ± 4 n r^ hk jAj^/mr^ = ± 4 H hk |A|^/m 
±ikr 
which IS not irregular anywhere. Thus <p = Ae /r is not 
2 
regular at r =0 , . but since 101 dV is the observable 
quantity and this remains finite, then on physical grounds 
•••ikr it turns out that Ae~ /r is acceptable as a solution in 
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+ x)cir quantum mechanics. Ae /r represents an outward flux 
indicating that there is a source at the origin while 
^i)cr • • 
Ae /r represents an inward flux as if there was a sink at 
r = 0. It has a similar meaning in classical physics. 
It needs pointing out here that the flux 
2 3 S(r,t) = ±hk|A| r/mr , being a function of r as well as 
velocity (or rather momentum), if known precisely, would be 
violative of the uncertainty principle in quantum mechanics, 
according to which position and momentum can not both be 
known precisely at the same time. The flux S(r,t) at some 
point r is an abstract mathematical quantity. However, 
flux across a surface (or current as it were) being 
S(r,t).dA is independent of r and should therefore be 
quite acceptable as being regular everywhere in general and 
non-violative also of the uncertainty principle. 
We may point out that the radial flux should go only as 
2 
1/r , for if It went with less inverse power than 2 or 
with inverse power higher than 2 or if it went with any 
positive power of r, it would be violative of the 
uncertainty principle. It can also be seen that in all cases 
2 
other than 1/r , the equation of continuity is also not 
satisfied. Thus, any mathematical quantity claimed to be 
2 
flux must go 1/r and as no other power of r. 
2 
In a many-particle situation, |(^ | represents the 
particle density, thus flux = N v (where N = number of 
2 particles/unit volume = |<^ | , while v = velocity = hk/m) . 
? P +1 kT 
therefore, flux = ± 2hk 101 /m = ±hk |A| /2 for 0 = Ae" /r, 
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so that the expression of flux obtained as either Nv 
or as S(r,t) is seen to be the same. This agreement 
2 supports the interpretation of \<f)\ as probabilistic 
particle density for a particle flux. 
In the light of the above discussion, the equation 
2 
V0(r) = - 4 n A 6 ( r ) may be regarded as the equation which 
••"ikr has the solution Ae~ /r, and despite the infinity at r = 
0, such wave functions have been used in several problems in 
quantum mechanics. No matter whether one is using quantum or 
±ikr 
classical physics, the relevant quantity is not e /r 
but the flux across a section dS i.e. is the quantity |A 
±ikr 2 2 
e /r| dS = lAl sin i? di> d^ (in spherical polars) which 
±ikr is well behaved. So, actually, e /r does not present 
any essential singularity. It is a no-singularity 
situation. For example, in calculating the effect of a 
diffuse nuclear potential on the penetration of the 
potential barrier by protons and neutrons, Kikuchi 
[1957] assumes a solution in the interior region (r < R) , 
of the form 
[ ei^^/r + C e-i'^ /^r ] 
c o n s i s t i n g of an i n c i d e n t wave of u n i t ampl i tude and a 
r e f l e c t e d wave of an unknown ampli tude C. 
The asymptot ic wave-funct ion for a t y p i c a l s c a t t e r i n g 
c a s e i s given by 
f ikz , , « , o X i k r , •^  e + A f(i?,^) e / r 
It is well known that this is the asymptotic solution 
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of the Schrodinger equation for any short-range potential 
(Schiff, 1968). As this is not a solution at small 
distances, including the origin, the latter term in the above 
solution does not constitute any singularity, but in the 
light of what has been said above, even if it were relevant 
it would not matter. This has been pointed out only to 
remove any possible confusion in this regard. 
The exclusion of the so-called irregular solution in 
a region including the origin, no matter for what reason, has 
the consequence that in the scattering problem of a short-
ranged potential in quantum mechanics, a clear-cut 
prescription for calculating the cross-section is indicated : 
the solution at r = 0 is just the regular solution without 
any mixing of the irregular solution. Outside the range of 
the potential, the two solutions get mixed. The smooth 
joining of the exterior and the interior solutions at the 
boundary, if there is a sharp one, determines the mixing of 
the regular and the irregular solutions in the outside 
region. The mixing uniquely determines the phase shift. If 
there is no sharp boundary, the irregular component in the 
wave function gradually increases as one goes away from the 
origin and ultimately the mixing determines the phase shift 
[e.g. Mott and Massey 1965]. Similarly, there is only the 
regular solution in the interior of a short-range potential 
which joins smoothly to a decaying exponential in a bound 
state problem. This requirement is responsible for the 
discreteness of the energy eigenvalue. 
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If, however, the irregular solution were not to be 
excluded, quantum mechanics would have been required to lay 
down an axiom on the mixing of the two solutions, starting 
at r = 0. We have been saved from such an ad hoc situation. 
3.2.B. INFINITIES GALORE: 
3.2.B.1. RENORMALIZATION IN FIELD THEORIES: 
There are a number of examples in physics where 
mathematical rigor in the strictest sense is often glossed 
over in the interest of conforming to physical observability. 
In quantum electrodynamics, for example, while 
considering electron self-energy effects, one starts with the 
assumption that physically observable mass m (of the 
electron) is given by m = (m, + 5m) , and takes into 
account the so-called radiative corrections of second and 
higher orders due to the self-energy diagrams contributing to 
the term 5m in such a way that self-energy effects are 
canceled except that one uses the physical mass m instead of 
the bare mass m, [e.g. Feynman 1961]. This procedure is 
called mass renormalization. It amounts to subtracting one 
infinity from another to give a finite result. An analogous 
procedure is that of charge renormalization. In the eyes of 
mathematical orthodoxy, these procedures amount to nothing 
short of blasphemy but then when one compares the calculated 
results with experimental measurements one gets astounding 
agreements. 
The radiative corrections due to the electron's self 
energy are responsible for the Lamb shift. The calculated 
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value AE/h = (1053.03 ± 0.15) Mc/sec of the Lamb shift in' 
hydrogen agrees well with high precision measurements by Lamb 
and collaborators, namely AE/h(2s . ) - diE/h{2p .^) 
(1057.77 ± 0.10) Mc/sec. The 2s and 2p . Itvels have the 
same energy and are, therefore, degenerate in the Dirac 
theory, which does not take into account the radiative 
corrections. Because of radiative corrections both the 
2s . , 2p . levels of hydrogen atom are changed in energy, 
though by separate amounts. The Lamb shift is the difference 
between these changes or the changed levels [e.g. 
Beretetskii, Lifshitz and Pitaevskii 1982]. Similar agreement 
has also been obtained for the 2s . - 2p , line shift in 
deuterium and in singly ionized helium, and for the 3s. ,„ -
2p-,p line shift in hydrogen [e.g. Bethe and Saltpeter 1977]. 
The calculation of the anomalous magnetic moment 
of the electron also involves radiative corrections. The 
calculated anomalous magnetic moment result for the electron, 
namely 
(g-2)/2 = (1,159,665.4 ± 3.3) X lO"^. 
is in excellent agreement with the best experimental value of 
(g-2)/2 = (1,159,657.7 ± 3.5) X 10~^. 
[ g is the dimensionless g-factor defined as the ratio 
( magnetic moment in Bohr magnetons ) 
g = . ; J 
( mechanical moment m u n i t s of h ) 
[e.g. Cheng and O'Neill 1979]. 
(On t h e Dirac model of t h e e l e c t r o n , g i s equal t o 2 
e x a c t l y . ) 
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Despite the astounding success of quantum 
electrodynamics, some people still believe that it might be 
reformulated to get rid of the so-called infinities. Hsu, 
for example, claims that the use of a ^common' time and 
^common' relativity theory, as opposed to relativistic time 
and special relativity theory, removes also the divergences 
of quantum field theory [Hsu 1983]I 
This subtraction of infinities also occurs in the 
standard model where, for electroweak interactions, if only 
the leptonic sector is taken into account, one gets 
anomalies. However, when both the leptonic sector and the 
quark sector are considered, the anomalies associated with 
these sectors are mutually canceled [e.g. Chaichian and 
Nelipa, 1984]. 
3.2.B.2. INFINITE AND DISCONTINUOUS POTENTIALS: 
Infinite (or almost infinite) potentials are very 
familiar in problems of atomic, molecular and nuclear 
physics. Then certain real systems can be approximated by 
the rigid box where the potential energy is supposed to be 
zero everywhere, inside as well as outside the box, and 
infinite at the walls. It can be argued quite simply that the 
wave function is zero at a point where the potential energy 
is infinite. This has the consequence of completely 
confining particles within the box. Thus, infinity, rather 
than posing any problems, makes it quite simple to solve the 
corresponding quantal problem [e.g. Flugge 1971]. 
The harmonic oscillator is a potential that is infinite 
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at large distances, but this poses no problem. In fact, the 
physical meaning of a particle inside the oscillator is that 
the particle is severely confined to a finite region around 
the origin. It is for this reason that the oscillator is 
used in nuclear physics [e.g. Feenberg 1955], hyper-nuclear 
physics [e.g. Ansari 1986] and for describing the 
constituent quarks of nuclear particles, where, in the last 
case, the oscillator ensures the well-founded principle of 
quark confinement for the constituent quarks [e. g. Indurian, 
1983]. 
The potential acting between the two atoms of a 
diatomic molecule has an attractive region going up into 
almost "infinite" repulsion when the inter-atomic distance is 
more or less equal to the atomic diameter, corresponding to 
the fact that it is almost impossible for the two electronic 
clouds to inter-penetrate [e.g. Slater 1939]. 
In nuclear physics, the nucleon-nucleon potential has a 
form quite similar to that of the inter-atomic potential 
mentioned above. The infinite region is called the hard core 
[e.g. Eder 1968, Waghmare 1981]. The hard core is known to 
arise because of exchanges of heavier mesons. Some typical 
nucleon-nucleon hard and soft core potentials are the Hamada-
Johnston and Yale hard core and Reid soft core potentials (A 
soft core means high but not infinite repulsion), etc., not 
to mention the Neijemen potentials which, because of SU(3) 
symmetry, have been extended to hyperon-nucleon and hyperon -
hyperon cases also [e.g. Segre 1982, Negel, Rijken and de 
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Swart 1975, 1977, 1979]. Indeed, there is no dearth of 
potentials which have been constructed under different 
assumptions all over the world incorporating repulsive cores 
because of exchange of different heavy mesons. Hard cores do 
not present any difficulties in scattering problems; rather 
they simplify matters, but integrals like \(p* V ip dz arising 
in nuclear structure problems, lead to use of correlated 
functions a la Jastrow and others. At the hard-core radius 
itself, one can write down the scattering as well as the 
bound-state wave functions. 
The use of piece-wise continuous functions is now 
accepted practice in the treatment of electrical engineering 
problems. Use of a discontinuous voltage or a potential 
function like the square well is very familiar in electronics 
and nuclear physics respectively [e.g. Millman and Taub 
1965, Preston 1962], In optics, the refractive index is a 
quantity analogous to the potential and it can be 
discontinuous at the macroscopic level. 
3.2.B.3. RUTHERFORD SCATTERING: 
The Rutherford scattering cross section turns out to be 
identical in classical as well as quantum mechanics [e.g. 
1982]. This, in itself, is not a well-understood 
32 
matter but this is not our present concern. Because of the 
4 . . . 
cosec -QjZ term in the differential elastic cross-section, 
the total elastic scattering cross section goes to infinity. 
However, in practice, the infinity is not likely to show 
itself up because of the nuclear shielding in the atom or the 
molecule, but for scattering from ions, the total cross 
section could be infinite. However, let us remember that our 
actual incident wave front is not plane wave extending 
infinitely but is a beam consisting of finite number of 
particles only. The infinite total cross section only means 
that all the particles of the beam would be scattered, and, 
in practice, this number would always be finite. Thus, the 
infinity is only an academic matter in this case. It may be 
noted that, in this case, the potential, going as 1/r, is 
itself infinite as r —> 0, but this is not considered 
improper. 
3.2.B.4. DiRAc's INFINITE SEA: 
We recall that Dirac's relativistic equation implies an 
infinite sea of negative energy electrons (see Fig.l). The 
negative energy solution exists in classical relativity also, 
but that does not present any problem there because the 
region between positive and negative energy is forbidden for 
classical motion. So no classical trajectory can connect the 
positive and negative energy solutions. However, quantum 
physics allows discontinuous jumps. Thus, a positive energy 
electron would be stable only if there is no vacancy in the 
negative energy electronic states, assumed to exist at every 
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+mc 
-mc 
Forbidden 
Energy Gap 
Fig.(l) Dirac's unobservable infinite sea of negative energy 
states 
71) 
point of space. This has the implication of infinite matter 
and charge density at every point of space for a Dirac 
particle. One used to get over the catastrophe by saying 
that since birth we are used to the negative energy sea so 
that we notice only deviations from the infinite sea 
situation and not the sea itself. The positron was 
interpreted to be a hole of the negative sea. However, 
Dirac's equation is a one-particle equation. So, the 
dichotomy is that its discussion leads to a many-body 
situation for which field theory is the correct approach 
[e.g. Bjorken and Drell 1964, 1964a]. Thus, occurrence of 
the infinities arises from a misapplication of the theory, 
and it serves as a signal to guide us to the correct 
approach, which in this case is field theory. (Principle of 
Elimination of Infinity is indicated). 
3.2.C. IMPROPER INTEGRALS: 
3.2.C.I. GREEN'S FUNCTIONS: 
Suppose L(r) is an operator with A as eigenvalues and 
</» (r) as eigenfunctions, i.e. 
L(r) <p^(r) = A^ -^ n^^ "^ -^ ...(II.l) 
Assume further that L(r) is linear, Hermitian , and time-
independent and that cp (r) form a complete orthonormal set. 
The Green's function is defined as the solution of the 
equation 
-[^  z-L(r) J G(r,r';z) = 5(r-r') , (II.2) 
where z = (A + is) is a complex variable and G is subject to 
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certain boundary conditions on the surface of the domain of r 
and r'. It can be shown that G can be written as 
G = Z • (II-3) 
n (z - An) 
If a general function f(r) is given and the unknown 
function u(r) is to be found in the inhomogeneous equation 
{ z - L(r)} u(r) = f(r) , (II.4) 
where u(r) satisfies the same boundary conditions as does G 
above, then we have 
u(r) = rG(r,r';z) f(r') dr' if z = {X^} (II.5.1) 
and 
u(r) = fG*(r,r';z) f(r') dr'+ (/)(r) if z = X (II.5.2) 
+ 
where A belongs to the branch cut of G(z) , and G (A) are 
defined as : 
G*(A) = Lt ^ G(A + is). (II-6) 
s—^ O"*" 
Thus, the Green's function, which is the solution for a 
d-function source, leads to the solution for finite size 
2 sources. For example, let L(r) = -V and the domain n 
extend over the whole real space. This is related to the 
2 2 
case of the free particle for which L(r) = -h V /2m. Boundary 
condition is that eigenfunctions of L must be finite at 
infinity. Then, eigenfunctions are given by 
0j^ (r) = (l//n) exp (ik.r) 
2 and e igenva lues by A = k . The Green 's func t ion i s 
< r | k><k | r> r dk e x p { i k . ( r - r ' ) } G ( r , r ' ; z ) = Z. = = ^ 5 
^ z - k2 j .(2n)^ z - k2 
Taking R = r - r ' a n d R = |R| , t h i s can be shown t o be 
, ; •vt^'^V'^^^^-pS^^-
'' Ace No. 
\y ^T^M(S.-Cs- ii\ 
3 5 •''eg-
7« 
equal to 
1 f k exp(ikR) 
G(r,r';z) = . ., -5 dk 
4in2R J 2 - k2 
Then, by taking a suitable contour and using the Residue 
Theorem [e.g. Mathevs and Walker 1970], this gives 
exp(i/z R) 
G(R;z) = , Im {Vz} > 0 (II.7) 
4nR 
If z = A , where A >> 0 (i.e. if z coincides with the 
2 
eigenvalues of -V ) , the two poles lie on the integration 
contour and G(R,2) is an improper integral and is not 
+ • • . - . '••> . 
well defined. However, G~(R;z) are well defined arid ' are 
given by 
+ exp(±iv'A R) 
G"(R;A) = , A » 0 (II.8) 
4nR 
These represent out-going and in-going spherical waves, as 
the case may be. Thus, we had got a mathematical entity that 
was not defined, but we gave it physical meaning by taking it 
as a contour integral and choosing suitable contours of 
integration, before employing the Residue Theorem. 
Note that there is a useful identify 
where T is the Cauchy Principal Value, which is used, for 
example, in a celebrated formula of Scattering Theory 
= T —- - in5(E0-E) (11 .10 ) 
E^ - E + i c E<^  - E 
i . e . 
f (E) dE f f ( E ) d E r r f ( E ) d E ( 
= y> —LJ i n f(E) 6(E -E) dE , ( 11 .11 ) 
J E - E + i c J E - E J 
where the symbols have their usual meaning. 
With our definitions as above of G, G and G and also 
36 
7H 
with G = G - G~, we can easily prove, for example, that the 
use of the above identity leads to the relationships : 
p(R,A) = ± i lm|^  G (R;X)j. = - 2 ^ G(R;X) (11.12) 
and 
N(A.) = ± ^  Im I Tr G-(X)| , (11.13) 
where Xj^  are the eigenvalues and (p^ the eigenfunctions of 
the system, and 
p(r,X) = Zn 6(X -Xn) 0(r) <f>p^{r) (11-14) 
is the density of states per unit volume and - -. 
N(X) = En 5(X - Xn) 
is the density of states at X [i.e.N(X) dX gives the number 
of states in the interval (X,X + d) ] . 
Let there be allowed band(s) of energies in the system. 
The allowed band may extend from 0 to oo, or 0 to Ef, or Ej 
to E2 as the case may be. Let Eg denote the energy at the 
edge of the band, in general; then using a few more theorems 
it is possible to obtain relationships between the way G(E) 
varies as E approaches Eg, and the corresponding behavior of 
± G(z) and G (E) , defined earlier. These results can be 
summarized as follows (e.g. Economou, 1979) and can be shown 
to occur in the examples of systems given below : 
37 
80 
Cases (1) (2> (3) 
Variation of G ^(E-EB)^ Discontinuous lE-Egl ^  
near E > Eg (ji > 0 0 < r < 1 
G(z) Bounded Logrithinically ^(Z-EB)' 
singular 0 < r < 1 
Example of the 
system where 
this occurs 
3-D free 
particle 
case 
M = 1/2 
2-D free 
particle 
case 
1-D free 
particle 
case 
r = 1/2 
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For details the book by, ^ conomou may be consulted. 
A weak potential added to the free state can be treated 
as perturbation, and the Green's function calculated for the 
perturbed state is then examined for singularities to decide 
as to the existence of bound states or otherwise. As G(E) 
is related to the density of states, and as poles of G(z) 
decide whether bound states exist, it is clear that the 
reason as to why no critical bound states exist for shallow 
attractive wells in 3-D, whereas they exist in corresponding 
2-D and 1-D cases, is connected with the w^y density of 
• - i • • • 
states behaves as (£-£3) > 0. • 
Sahu et al /^ 19S9 7 have used the applroagh of ;solving ^ ^  
. ^ . . , • • • • • • ' . . • • ' « , • • . , • • 
Schrodinger equation for one-, two- and three-dimetision 
shallow square-wells, as mentioned earlier. However, this 
approach becomes very tedious mathematically for other shapes 
of the wells. On the other hand, calculating the Green's 
functions, G(z), in the presence of the perturbing 
potentials, and looking for the poles of G(z), tells us 
directly about the existence of discrete bound states. Let 
the perturbing potential be a square well of depth VQ. If 
for E > 0 and VQ > 0 , no pole exists in the range 
(-Vo,0), no bound level exists for such a system. If the 
pole exists, so does the bound state. In this way it is 
elegantly proved that in one- and two- dimensional wells, a 
bound state exists, no matter how shallow the well, but in 
three dimensions a critical condition has to be fulfilled 
before a bound state is possible. Moreover, this result is 
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valid for arbitrary shapes of the potential [Economou 
1979]. 
Other cases such as trapping of an electron by a 5-
function single-impurity-atom attractive potential in 
crystalline solids, or the effect of a very slight attractive 
potential between a pair of fermions leading to 
superconductivity can be similarly considered, keeping the 
relationships of density of states and poles of Green's 
functions in mind, on appropriate models of unperturbed and 
perturbed electron states [e.g. Abrikosov, Gor'kov and 
Dzyaloshinskii, 1965] where, as is well known, bands of 
allowed energies can occur as a result of periodicity of the 
lattice. 
Thus, the above theory can be applied, for example, to 
the field of a single impurity atom in a crystal lattice 
(idealized into a delta function). Ziman [1972], following 
Clogston [1962], has given the theory in outline. By looking 
for the pole of the Green's function for the perturbed system 
one can show that in the three-dimensional case, there would 
be a critical value of the potential above which a bound 
state will appear with energy lying outside the allowed band 
of energies and wave function more or less confined at the 
impurity site. If instead of causal or retarded Green's 
function, the standing wave Green's function had been used, a 
resonance state would result with energy lying within the 
band such that the wave function, while somewhat enhanced at 
the impurity site, nevertheless, is not wholly localized but 
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extends through the crystal. 
In 3-D, more interesting features are seen. While an 
attractive impurity potential (say e < 0) can create a bound 
state below the lower band edge when its strength exceeds a 
critical value, this behavior is quite similar to that for 
positive (i.e. repulsive) impurity potentials, in that c 
needs to exceed a critical value before one (and only one) 
bound level appears, this time above the upper band edge. 
This is interesting, because for free particles (HQ = p2/2m), 
there is a lower bound (at E = 0) but no upper bound, but in 
solids, on the other hand, the effective mass is negative in 
the vicinity of an upper bound of the spectrum, and, 
therefore, a bound state is formed even for a repulsive 
potential. 
Another application concerns the formation of Cooper 
pairs of electrons in a superconducting state. The 
Hamiltonian H22 of a pair of fermions (mass m) can be written 
in the center-of-mass and relative terms as 
where M = (mj + ^2) ~ ^^' M = mj m2/ (m^ + rci2) = m/2, 
r = r^ ~ £"2 while K = K2+ K2 is the total momentum. Hj- is the 
Hamiltonian of a spherical potential well - the problem 
examined above. It can be shown that only for K = 0 does the 
unperturbed density of states p drop discontinuously at E = 
2EF (where Ep is the Fermi energy). As already stated, 
whenever p_ thus has a break, a bound state will be formed no 
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o^^ matter how weak the attractive potential. Thus, a system 
fermions in the presence of even a very small attractive 
interaction is unstable with regard to forming pairs of 
electrons. This result constitutes the basis for explaining 
the phenomenon of superconductivity in metals where electrons 
form pairs (with oppositely directed momenta) under the 
influence of a small attractive force between them due to 
phonons or lattice vibrations [e.g. Abrikosov, Gor'Kov and 
Dzyaloshinskii,. 1965]. It can, therefore, be claimed that 
mathematical impropriety as in the form of poles of Green's 
function is quite pregnant with physical meaning. 
3.2.C.2. CAUSALITY, ANALYTICITY AND POLES OF THE SCATTERING 
MATRIX: 
The non-relativistic kinetic energy is, of course, 
2 given by E = p /2m. Formally, however, we say values of E 
other than real and positive can also have physical 
2 
significance. For example, negative values of p = 2mE 
correspond to bound states. Such solutions can be considered 
by replacing the real variable p by a complex variable. It 
turns out that there is a one-to-one correspondence between 
bound states and poles of the scattering matrix on the 
positive imaginary p-axis. (The scattering matrix is the 
matrix of the operator S which transforms a prepared initial 
state ip (t—> -co) of the interacting system into a final 
state i/j (t—> +0°), i.e. ^ = S ip . In an angular momentum 
basis, where 1 is the angular momentum index, the operator S 
carries the index 1 and is denoted by S,) . 
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In dealing with projectile-target collision problems, 
one usually defines a causality condition which states that 
T^^^^ 0 where T^^^ is the time the projectile spends in a 
(r) 
region of radius R around the origin. Were T^ ' negative it 
would mean that the projectile re-emerges from the other 
side of the target before it enters it on one side. This 
would violate causality and be illogical.. T^ itself will 
consist of the time taken by the projectile to cross the 
target region R. By assuming that if binding occurs, the 
binding energy is finite, and by imposing the causality 
condition as above, a number of results can be derived 
regarding the analyticity and poles of the scattering 
matrix, as a function, say, of energy. These can be 
summarized as follows [e.g. Bohm 1986]: S,(E) is a 
meromorphic function on the two-sheeted Riemann surface 
with a branch point at E = 0 and a cut from 0 to oo . The 
physical values of E in collision processes lie on the 
upper edge of the cut on the first sheet called the 
physical sheet. Bound state poles lie on the negative real 
axis of the physical sheet, and except for these bound state 
poles, S,(E) is an analytic function on the physical sheet. 
Further poles may be there on the second so-called 
'unphysical' sheet coming from possible zeroes on the first 
sheet. Poles at various locations on the unphysical sheet 
have various physical interpretations. Poles on the negative 
real axis of the unphysical sheet (coming from zeroes of 
Sj^ (p) on the positive imaginary axis) are called virtual 
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state poles. Poles of S,(E) on the unphysical sheet, close 
to the positive real axis, are called resonance poles. Each 
pole in the second sheet below the real axis, describing a 
decaying state, has a counterpart pole above the real axis, 
that describes a forming (capture) state. 
A resonance state is a quasi-stationary state described 
by the celebrated Breit-Wigner formula characterized by a 
resonance energy and a decay width. 
A virtual state is a physical state in which the 
scattering cross section can be very large, and time delays 
T^ •' can be orders of magnitude larger than the classical 
time of crossing the region R by the projectile. Such 
virtual states have been duly observed. 
Thus, the use of the causality condition gives 
valuable information about the analyticity of the S-matrix 
and helps one interpret poles of the S-matrix physically. 
Our idea of mentioning the poles of the scattering 
matrix is to point out that the singularity here is a signal 
for some kind of "state" for the target system. Thus, as we 
have already indicated, it is to be emphasized that 
occurrence of a singularity need not always be an indicator 
of a mathematical breakdown. Rather, as here, it might be 
pregnant with things of physical significance. Of course, in 
some situations, singular behavior might be due to 
mathematical breakdown etc. requiring a rescuing effort. 
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III. INFINITIES AND SINGULARITIES IN CLASSICAL PHYSICS: 
Occurrence of infinities is not exclusively confined to 
quantum physics. Examples from classical physics can also be 
cited. There is the well known electron self-energy problem 
of classical physics. This goes like this : if the electron 
is supposed to have a finite size, the electron self-energy 
is finite but then the question arises as to what keeps the 
charge elements from not flying apart, thereby implying that 
electrodynamics is not a self-contained theory. If, on the 
other hand, the electron is assumed to be a point charge, the 
self-energy, going inversely as the radius, becomes infinite. 
Could it be that the well known infinities of quantum 
electrodynamics are rooted in the dichotomy at the classical 
level mentioned above [Feynman, Leighton and Sands 1965] ? 
In classical general relativity, singularities of the 
Generic Big Bang and the Black Hole represent the 
cosmological source and the sink, respectively. In general, 
as we have seen, a singularity can often be interpreted as a 
source or a sink. 
3.3.A. NEUTRONS IN REACTORS: 
3.3.A.1. ONE - VELOCITY DirrusiON: 
In order to illustrate the situation with regard to 
typical singularities in classical physics we consider the 
case of diffusion theory in Nuclear Reactor Physics of the 
so-called thermal reactors where one-velocity diffusion 
equation is often used for the neutrons. This is because, 
although, by and large, the neutrons have a Maxwellian 
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velocity distribution corresponding to the temperature at 
thermal equilibrium, one can, as a first approximation, 
assume that all the neutrons have the same velocity 
corresponding to some characteristic velocity such as the 
most probable velocity of the Maxwellian distribution at 
thermal equilibrium. Typically, this neutron velocity is 
about 2200 m/sec at ordinary room temperature of 20 C or 
0.02 5 eV. The defining equations of the description, then, 
are [Glasstone and Edlund 1952] : 
-D V 0(r) + 0(r) Za = S(r) (III.l) 
(leakage) (absorptioin) (source) 
J(r) = -D V 0(r) (III.2) 
(current) 
D = -zj^— , L = V D/Z , (III.2.a & b) 
(diffusion coefficient) (diffusion length) 
where 0(r) is the neutron flux given as n (neutrons/cm3) x x 
2 (cm/sec), I.e. it is m neutrons/cm -sec at r; Z and E. 
are the macroscopic absorption and transport cross-sections 
for neutrons in cm because Z = Npcr/A, where 
23 -1 
N = nuclei/mole = 6.023 x 10 mole , 
p = density = mass/volume, 
A = mass/mole = atomic (or molecular) weight, 
2 
and (T = cross section in barns or cm ; while S(r) is 
the source of neutrons given as number of 
3 . . . 
neutrons/cm -sec; v is the neutron yield given as average 
number of neutrons emitted per fission event; E- is the 
macroscopic fission cross section in cm , and 0 E is the 
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reaction rate per unit volume for a given process 
[Glasstone and Edlund 1952]. 
For a homogeneous source distribution, S(r) = vZ-0(r), 
and the equation takes the form : 
where B^ = \ — V (III. 5) 
is the so -called material buckling. 
3.3.A.2. REACTORS IN SPHERICAL GEOMETRY: 
In the light of our discussion of the quantum 
singularity problem discussed above, the solution cos Br/r 
for spherical geometry is to be rejected at r—> 0 in Reactor 
Physics also, not because it blows up as r—> 0, but because 
it fails to satisfy the equation governing the phenomenon, 
2 2 
viz. {V + B ) 0(r) = 0 as r —> 0. For a spherical shell 
region, such as for the reflecting blanket around the reactor 
core, the general solution includes also cos Br/r, as it 
should, because the point r = 0 has been excluded now 
altogether from the physical region of interest. However, the 
cosine solution would have to be excluded in this case also 
if Dirac's Principle was to be imposed on classical physics. 
3.3.A.3. REACTORS IN CYLINDERICAL GEOMETRY: 
In the case of neutron diffusion in a nuclear reactor 
core in the cylindrical geometry [see Fig.2 ], the solution 
Y (A p) is rejected by pointing out that it blows up as 
p—> 0, the subscript c referring to the region of the core 
of the reactor. The equation to be satisfied in this case 
reads 
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( ^ - ^ ) small, ^> / '>> f 
/ ? = radius of reactor core 
?== 
urt 
\ ^ 
^ ^ 
^ 
K 
c refers to core 
P - extrapolated radius of the core 
Fig.(2) Neutron flux in the Nuclear Reactor core in 
Cylinderical Geometry 
9i 
''^'t^l.P.Z) + B^*^(p,z) = 0 (111.6) 
2 Where, dropping the ^-term in the expression for V ,we have 
y2 = -J- ^ p ^ + ^  . 
p dp dp dZ^ 
If <p^{p,z) = F (p) G (z) is assumed, we get 
and G"(Z) + M? G„(z) = 0 (III.8) 
2 + ^ 2 = B2 . (III.9) 
Let us see if the irregular solution 
such that A + M = B 
c c 
^O^V^ c^^ )^ p = ^ (2/^ ) 1" (V) ^ c(^ > 
2 2 IS at all a solution of the equation 7 0 + B <p = Oat 
p = 0 as given above. 
2 Taking the first term V (p , 
Lt [ 7^ 0 (p,z)dV )—>0 J ^ 
V 
= 4G^(Z) + Lt 2n p (|)ln (A^P)| G^(z)dz 
= 4 G (z) 
which is a term independent of p but has some finite value. 
2 However, taking the second term B 0 , we find 
so that if for F (p) we take Y^ (A p) , the equation 
C C/ O 
2 2 7 0^ + B 0^ = 0 is not satisfied near p—> 0. Thus "^Qi^ P) > 
not being a solution of the defining equation, is the real 
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ground for its rejection. The reason generally given in 
this context is thus not the compulsive one, since also 
the physical quantity actually measured is not so much (p (p) 
but the average quantity ^ (p) which is not singular at p—> 
0, as discussed below. 
3.3.A.4. USE OF AVERAGED AS AGAINST POINT FLUX.-
There is the other aspect to the classical physicality 
issue of the problem of singularity in reactor physics also, 
2 2 
just as there is the 101 dx versus (p or 101 problem m 
quantum physics. It is that 0(r), strictly at a single 
mathematical point r, is devoid of physical meaning, except 
in a purely average sense. Let us elaborate the 
significance of this line of thinking by taking the example 
of, say, a cylindrical reactor with a homogeneous 
distribution of sources (please see Fig. 2). The one-velocity 
2 2 diffusion equation (V +B )(p (r) = 0 takes the form 
I d f ^  d0c(P) "i 2 
pd^ l ^ d ^ J ^^\(P) = 0 (III.10) 
p = P-. is taken as the physical boundary of the reactor but 
the neutron flux is actually assumed to go to zero at a 
distance p = p with p being slightly bigger than p_. The 
other boundary condition usually taken is that 0 (p) be 
finite for all p £ p and this ensures that the solution 
YQ(BP), which is irregular at p = 0, is excluded from the 
general solution A J (Bp) + C Y-^(Bp) . However, if the 
boundary condition were that not <p (p) but 4> (p) is 
finite everywhere, where by p we mean some Jpdp/Jdp, and by 
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(p(p) we mean J 0 (p)pdp / S p6p with p > p > p and 
{p -p )Ip^ as small, then Y (Bp) need not be excluded. This 
can be seen as follows ; 
2 Firstly, It IS because Y (Bp) s - In(Bp) for 
p—> 0 so that 
pLto '^ c(^ ) " P^ ^a — ^ pt^O "^^1" (^ )^^ a — ^ ° 
rather than blowing up as would Y (Bp) by itself. 
Secondly, because [Jahnke and Emde 1945] 
a yP ^D-7 ^"^ ^ dx = x*^  Z (ax) + arbitrary constant, 
where p is greater than or equal to unity and Z (ax) is 
linear combination of the Bessel functions of the first 
and the second kind. This gives 
x JQ(X) dx = X J^(X) + arbitrary constant, and 
X V_(x) dx = X Y (X) + arbitrary constant. 
Using these by putting x = Bp, we get : 
I^ = zm j ^ pJ^{Bp)dp = - ^ ^ { p^J^iBp^) - p^J^(Bpj) > 
and, in a similar fashion, 
r 
p 
^2 = ^"^ jp^ PYo(Bp)dp = -2nc_ ^ p^Y^(Bp2) - p^Y^(Bp^) > 
Moreover, I^ = 2npdp = n (p^ - p^) so that 
^1 
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0(p) = _i d 
2 [A{p2Ji(Bp2)-PiJi(Bpj)> + C<P2Yi(Bp2)-piYi(Bp2)>] 
~ B {p2 - pi) 
Here as J^  (x) —> x^/2 and x Y^  (x) —> 2/n for x —> 0 
because J^(x) - (1/2) x / r(v +2) ( v = -1,-2,-3.-..) and 
Y^(x) ~ - (l/n) r(i') (x/2)~'^ {V > 0) for X—^ 0, therefore, 
<f) is always finite even when p > 0 as long as the 
coefficients A and C have finite values. Hence, in the 
light of the above, Y-(Bp) need not be excluded. 
A similar reasoning would apply for problems involving 
temperature in heat conduction [Carlsav and Jaeger 1959]. 
Solutions blowing up for r—> 0 or p—>.0 need not be excluded 
as long as the physically more reasonable condition that T 
(i.e. T average over a small volume), rather than T at a 
mathematical point, is taken to be finite everywhere. This is 
particularly true because, to begin with, even though 
temperature is an intensive as against extensive variable in 
thermodynamics, the systems used for defining variables in 
thermodynamics are invariably non-point-like or extended, for 
which considerations such as being expounded here seem to 
apply well. Except in the sense mentioned here, many 
physical quantities like <p, V<p, T etc. , taken at a 
geometrical point, really do not have a meaning. 
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3.3.A.5. COULD DIRAC'S CARTESIAN PRINCIPLE APPLY TO 
CLASSICAL PHYSICS: 
We may briefly comment on whether Dirac's Cartesian 
Principle may hold in classical physics. We illustrate with 
the help of a familiar example. Let us consider a nuclear 
reactor of a spherical geometry from which the origin 
has been excluded. then, in the annular region of the 
reactor both the solutions are admixed. Since experimental 
results seem to be in accord with the solution consisting 
of the two solutions, it proves that the Cartesian 
Principle does not seem to hold in classical physics. 
Other examples may also be cited. 
3.3.B. FINITE BUT UNBOUNDED ( THE BIG BANG SINGULARITY ): 
From Aristotle to Newton, the problem of the Prime 
Mover, or the first move that started the universe, has 
remained [Bogomolev 1985]. Causal arguments based on the 
assumption : physical law + initial conditions = subsequent 
development, have the difficulty of having to explain what 
happened at the initiation of the Big Bang. Following 
Stephen Hawking (Cambridge University, U.K.) this is being 
resolved now by saying that the concept of time itself does 
not apply before the Big Bang. That is, everything, 
including time, space and vacuum is part of the universe, so 
that being comes from non-being, and outside the universe is 
non-being, including the non-being of time. The problem of 
initial conditions is therefore rendered redundant [Zhi and 
Xian 1988]. 
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At the black hole singularity, classical time comes tcf' 
an end. Before the Big Bang singularity, time can out even 
be defined, whereas it can be defined subsequently by way of 
analytical continuation. Classical models using general 
relativity must invariably have a singularity at the 
beginning. However, for very small sizes of the universe, 
quantum theory is to be applied. This involves imaginary 
time which behaves like space. This modifies the physics 
near the classical singularities. 
3.4. THE LESS CONSPICUOUS BLASPHEMIES: 
3.4.A. LITTLE CONCERN FOR EXISTENCE AND UNIQUENESS OF THE 
SOLUTION: 
Often, solutions of differential equations are used in 
physics without proper attention paid to the concern for 
theorems laying down conditions for existence or uniqueness 
of solutions. As is well known, while hyperbolic equations 
can do with Cauchy conditions on an open surface and 
parabolic equations can do with Dirichlet or Neumann 
conditions also on an open surface, for elliptic equations 
the Dirichlet or Neumann conditions are required for an 
entire closed surface. These matters are discussed in books 
on mathematics of differential equations and applications, 
[e.g. Sneddon 1957, Jackson 1975], but often not enough 
attention is paid generally to these matters. May be some of 
our problems arise because of indifference to such 
considerations, especially as we are dealing with partial 
differential equations. It has been aptly said that many 
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things done on the physical level of rigor can be regarded by 
the mathematically inclined as plausible conjectures that 
have to be established and proved. This seems to be the 
correct spirit. However, it has generally turned out that 
what theoretical physicists have done in their characteristic 
way, with scant regard for rigor, has ultimately stood 
rigorous mathematical scrutiny. 
3.4.B. LACK OF CONCERN FOR CONVERGENCE: 
Whenever a mathematician deals with an infinite series, 
he worries about the convergence problem because if a series 
is not convergent, it has little meaning. 
The perturbation theories in quantum or classical 
mechanics present infinite series. Most of us use these 
without bothering about convergence. Here the theoretical 
physicist appeals to plausibility and intuition rather than 
f to the elementary mathematical requirement of convergence. 
Then, he accepts a mathematical result if it agrees with 
experiment [e.g. March, young and Sampanthar 1967]. However 
successful this might be in practice, at a later stage the 
mathematical requirements should be met. 
3.4.C. ON THE USE OF CALCULUS INVOLVING INFINITESIMALS: 
At least at the classical level, matter is not a 
continuum but a discrete - almost point - distribution, 
though the situation is somewhat different in quantum 
physics, in the sense that atoms are not to be taken as 
points but as spread-out objects. Thus, applications of the 
calculus to classical and even to the quantal picture of 
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matter lack a priori justification. We take some simple 
examples to illustrte these points. We take the classical 
picture of discretely distributed material points. 
We illustrate the above by taking up the calculation of 
the moment of inertia (M.I.) of a line-rod about an axis 
passing through an end. 
Using the calculus, the moment of inertia is found to 
be given as 
M.I. = (1/3) Ml^, (III.12) 
where M is the mass of the rod and 1 its length. 
Let us now calculate the moment of inertia by taking 
point atoms, each of mass m, separated by a constant 
difference ^a' from each other. If the number of these atoms 
is n, 
na = 1 
mn = M 
On this model : 
M.I. = m {a^+ (2a)^+ (3a)^+ ...+(na)^> 
= ma' ^{l^+ 2^+ 3^+ +n^> 
ma^{ n (n+l) (2n+2) / 6 > 
(1/6) ma^n'^ (1+1/n) (^ +l/n) 
(1/6) ma^ n'^  (2+3/n) 
(1/3) (mn) Cna)^ (1 + 3/2n) 
{1/3) Ml^ (I+3/2n) (III.13) 
Therefore, the error in the above formula obtained by 
using the calculus is through the second term in the bracket. 
The error is (150/n) %. Since n is of the order of the 
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Avagadro's number, the two results are practically identical 
and we completely ignore such a difference for any 
macroscopic objects, but this is certainly not true for a 
microscopic situation where n s 1 or 10, say. Thus, use of 
the integral calculus, at least for macroscopic physics, 
is justified. Situation is similar for other problems of 
this nature. However, in the light of quantum mechanics, 
matter is not so discrete. It is rather smeared out, so the 
discrepancy is almost non-existent with regard to problems 
like the one considered here. 
With regard to use of the differential calculus in 
classical physics, one would be dealing with physical 
quantities that have been averaged and smoothed out over many 
atomic dimensions, so no dichotomy might arise for such 
quantities. However, note that from the Taylor expansion of a 
physical entity f: 
Affx^ - Ax ^^(^) (^^)^ ^^^(^^ (^^)" d^'fix) 
Ar(X) - AX + + +-''(III.14) 
dx 12 dx n dx 
or Af/Ax = df/dx, neglecting higher terms in the very small 
quantity Ax. In such a case, a catastrophe might arise in a 
rare situation where d"f(x)/dx"—> m for some n. But then 
probably one is not dealing with such quantities, at least in 
classical physics. One is rather dealing with averaged out 
quantities that ought to be well behaved. So, no such 
disaster is likely to occur there. 
Since time is a continuous variable, time derivatives 
of physical quantities do not seem to suffer from such 
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possible danger as indicated above. 
Further, since in quantum mechanics, the wave function 
is to be known at all points, use of space derivatives of ip 
apparently seems to be on a fairly firm foundation, unless 
one considers quantization of distance. 
However, it is to be admitted that the analysis given 
above is rather of a limited nature and the problem needs 
to be considered in greater depth and detail. 
3.4.D. THOM'S THEORY OF CATASTROPHES: 
In the theory of differential equations, one makes a 
distinction between regular points and catastrophe points. 
The set of catastrophe points is complementary to the set of 
regular points. Catastrophe points are those that have some 
discontinuity in every one of their neighborhoods, while 
regular points do not differ ^in kind' from the neighboring 
points. Haken [1983] has shown how local perturbations near a 
singularity, due to a changed field of influence, may lead to 
catastrophic changes resembling order-disorder or phase 
transitions, as occur, for example, at the Curie point for 
ferro-magnets, or at freezing or boiling points for liquids. 
Morphogenesis in embryology, evolution in biology, and other 
disorder-order transitions such as the switching to lasing in 
lasers, of development of rolls or hexagonal cells in 
convective liquids that are heated on one side (Benard 
instability), as well as several phenomena in sociology, 
economics and linguistics are supposed to be describable in 
the language of attractors, unfoldings of singularities. 
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catastrophic points, chreods, etc. Much of this is somewhat 
qualitative but it points the way to a new paradigm of 
evolution, or change, in the universe [Haken 1983]. 
Thorn's idea of stability of form, in four dimensions, 
describing also instability and genesis of new forms, is 
similar to the ideas of incessant flux or change in time 
proposed by the pre-Socratic philosophers Anaximander and 
Heraclitus almost 2500 years ago. 
Thom uses topology to describe morphogenes 5, because, 
as outlined here, external fields giving ris to local 
perturbations near catastrophe points lead to gloi I changes 
of form, and while non-linear equations can not be ilved 
closed form, topology can, at least, qualitative 'escribe 
the relationship of the local to the global che e. Thom 
feels that there are certain holistic considerat ns that 
determine these changes of form and concludes that :h mind 
and matter have elements of reality and are involved together 
in the changes that take place in the universe around us 
[Thom 1975]. 
3.5. To HAVE OR NOT TO HAVE: 
3.5.A. BENIGN INFINITIES: 
As mentioned above, the fact that one of the solutions 
is always irregular at a singular point provides a 
unique prescription in quantum mechanics. This indicates 
that singularities are not always bad. They could be useful 
also. Segal [1991] adduces interesting examples to argue that 
occurrence of infinities, instead of being an embarrassment. 
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can turn out to be benign. Even so, the word has a relative 
significance. For example, in geometrical optics of lenses, a 
distance of greater than a few times the focal length may be 
as good as infinite. Similarly, infinite ohmic resistance 
signifies that no current flows. As a matter of fact, R = O 
(superconductivity) presents a problem in the ordinary 
electrodynamics, and leads to the modified phenomenology 
given, for example, by London [London 1950], Thus, here, 
in these examples, infinity has nothing' diabolical about 
it. Depending on the nature of problem being solved, a 
quantity may be taken as infinite in one framework but may be 
quite finite in the other. 
3.5.B. NON-CONVENTIONAL LOGIC-. 
In rather recent times, even in mathematical logic, 
strict adherence to class'ical two-valued logic with its 
Aristotelian principle of the excluded middle (either a e A 
or a / A implies that there is no third possibility) has 
been given up, and one talks today of fuzzy sets [Fraenkel 
1958]. Incidentally, these sets are being employed in some 
modern electronic devices. In mathematical intuitionism, 
as interpreted by Brouwer, the indiscriminate use of the law 
of the excluded middle, for example, is sharply 
criticized [lyanaga and Kavada 1980]. ^Either there exists 
a natural number with a given property P or else no 
such number exists' is to be regarded as proved or 
disproved only when an actual construction is given. When 
neither of these two results can be shown, then one can not 
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say anything about the truth of the above proposition. 
Moreover, in the theory of trans-finite numbers, Godel's 
proof of the logical impossibility of simultaneous 
completeness and consistency of axioms has been well known 
[Ershov and Palyutin 1984]. 
We might speculate that departure from rigidly definite 
positions and assertions in pure mathematics might well have 
been inspired by developments in quantum physics. 
3.5.C. CRITICAL DISCUSSION OF DIRAC'S CARTESIAN PRINCIPLE: 
It has already been mentioned. So we do not state it 
again here. We examined it for quantum mechanics as well as 
saw if there was any preference of the Cartesian Coordinate 
system in classical physics. We found it to be a false 
premise. 
The Dirac Calrtesian principle, as stated herein, implies 
that the irregular solution should be excluded completely at 
all points except at infinity. Our investigation shows 
that the irregular solution is not a solution of the 
equation in question at the origin, but is a regular solution 
at all the other points. 
In the quantum mechanical treatment of the scattering 
problem where the origin is excluded, the solution, irregular 
at the origin, is mixed with the regular solution, from which 
fact the phase-shift is obtained. Thus, for the 
square-well potential, which is an extreme situation, the 
origin is excluded for all the region outside the well. 
Here the irregular solution is mixed with the regular one. 
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The mixing produces the phase shift. If there were no 
mixing of the irregular solution, phase shift would be 
zero, but in physical situation, scattering occurs when a 
particle beam is shot on a target. One may say that since 
the square well is unrealistic, the discussion may not prove 
anything. However, even with smoothly varying potentials, 
the mixing takes place progressively. The mixing of the 
irregular solution here too gives rise to phase shift and 
hence to scattering, so occurrence of scattering in so many 
microscopic situations in nature may be taken as proof of the 
mixing of the solution, which is irregular at the origin for 
all kinds of potentials. This argument shows quite clearly 
that Dirac's Cartesian Principle does not hold. However, the 
Cartesian system has a preferential role in quantizing a 
classical system. 
Discussion for the bound state situation in quantum 
mechanics is more difficult. So we do not take it up here. 
Even this is a cursory discussion. These matter have to be 
examined much more carefully. 
3.5.D. THE PRINCIPLE OF ELIMINATION OF INFINITIES: 
It is not just in classical mathematical physics that 
appearance of infinity or other improprieties is sometimes 
regarded as a failure of the mathematical structure, caused 
in its turn by a defective physical model, so that the 
infinity or mathematical impropriety is taken as an 
indication of the neglect of some physical reality, as e.g. 
damping in mechanical systems, or viscosity in boundary 
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layers in fluid flow, etc.. When the realistic 
component is introduced into the mathematical model, 
the infinity or impropriety is removed. The philosophy is 
that infinity, in the spirit of Hilbert, has no place in 
the actual physical world, and so if it arises in some 
mathematical calculations, based on a certain modeling of a 
physical situation it would imply that the model is 
unacceptable, as it must be unphysic2l|L i some respect at 
least infinitesimally," indicating the \^<5uirement of some 
additional realistic physical input. So appearance of any 
mathematical impropriety is considered to be a signal for the 
improvement of the model to be carried out, based on sound 
physical principles. However, it must be remembered here, as 
already point out, that infinities and singularities may be 
potent in meaning, as for instance qualitative arguments 
of Thorn's theory of catastrophes suggest that singular 
points may be nuclei of catastrophic change, starting from a 
local perturbation to a global scale like a phase change or 
occurrence of spontaneous magnetization, etc. [Haken 1983]. 
It is by no means obvious that this principle of the 
elimination of infinities should necessarily be taken over 
into Quantum Physics. If it is literally taken as a guiding 
principle in Quantum Physics also, the appearance of 
improprieties might be taken as an indication of the need for 
some new physical input even in Quantum Mechanics, in 
situations where improprieties arise there. However, this 
principle has far reaching implications to be proposed 
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casually. It needs a thorough debate and a lot of work before 
anything can be said about the matter. Calling it the 
Principle of Elimination of Infinities and other Mathematical 
Improprieties in conventional physics, we finally note that 
this principle, thus, stands to be carefully examined in the 
light of what we have discussed above and in the light of 
Thorn's theory of catastrophes which has been shown to have 
important implications for as diverse fields as theoretical 
biology, geology, atmospheric physics, linguistics and social 
biology [Thorn 1975]. In fact, as we have pointed out, 
singularities have always been required to describe sources 
and sinks, etc., so that the programme of adding newer and 
fresher physical interpretations, to the mathematical syntax 
in use in physical theories, represents an area of on-going 
physics research, in which new and interesting surprises can 
be expected to be in store for the physicist. 
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C H A P T E R ( 4 ) 
O N T H E O L D Q U A N T U M T H E O R Y 
4.1 FAILURES OF CLASSICAL PHYSICS: 
In recent times. Quantum Theory had its origin in the 
inability of Classical Physics to account for the 
experimentally observed energy distribution in the continuous 
spectrum of black-body radiation. Planck started with the 
simplest possible assumption that the radiators are linear 
harmonic oscillators of frequency v. Using Boltzman's 
probabilistic conception of entropy, Planck found it 
necessary to treat energy as consisting of discrete energy 
elements hv, where h was a constant independent of h. As it 
turns out, h is a fundamental constant of physics. Meanwhile, 
Einstein stated that radiation consisted of discrete photons-
an idea that was completely at variance with the prevailing 
undulatory electromengnetic theory of light. Einstein also 
constructed a quantum kinetic theory on the basis of his 
ideas and was able partly to explain the nature of specific 
heat of solids at low temperatures. Meanwhile, a hypothesis 
was suggested by Sommerfeld that atoms gain or lose definite 
h 
amounts ©fraction' given by W = — . 
2n 
Nineteenth-century models of atoms, such as those 
proposed by Kelvin, Helmholtz or Bjerknes were primarily 
mechanical or hydrodynamical, and were invalidated by the 
discovery of electrons and radioactive disintegration. 
Thomson's model, namely that of a positively charged sphere 
of radius -lo'^cm, with an electron oscillating at the 
center, failed to account for the large angle deflections, of 
upto 150 , with reference to the incident direction, in the 
scattering experiments with a-paricles carried out by Geiger 
and Marsden. The Rutherford model of the atom, with a small 
positively charged nucleus surrounded by orbiting electrons 
could explain large-angle a-scattering, but, as Bohr 
realized, could not be reconciled with Newtonian mechanics 
and Maxwell's electrodynamics ^t the same time. It had 
occured to Rydberg, and was later explicitly stated by Ritz 
as a fundamental principle, that the frequency of every 
spectral line of an element could be expressed as the 
difference between two terms, each of which contained an 
integer. For example, Balmer's formula and its 
generalizations could be expressed by the equation 
i; = R c ( -2 - -2 ) 
where "C^  / '^-i are integers, and R is the Rydberg constant. 
Niels Bohr was able to derive the above formulae by an 
application of what he later termed the Correspondence 
Principle, according to which, in the limit where the action 
involved is sufficiently large to permit the neglect of 
11'4 
individual quanta, the fundamental statistical account of 
quantum phenomena can be represented as a rational 
generalization of the classical, physical description. 
Thus, after the works of Planck and Einstein, the next 
major step was taken by N. Bohr, whose theory is also called 
the Old Quantum Theory (OQT). It proved only to be the first 
step on the onward march which has taken us to quantum 
mechanics and quantum field theory. The only surviving entity 
from this era is perhaps the Correspondence Principle. 
Bohr summarized all his assumptions in the following 
formulation : 
(1) that energy radiation is not emitted (or absorbed) in 
the continuous vay assumed in ordinary electrodynamics, 
but only during the passing of the systems betureen 
different 'stationary' states, 
(2) that the dynamical eguilibrium of the systems in the 
stationary states is governed by the ordinary lavs of 
mechanics, vhile these lavs do not hold for the passing 
of the systems between the different 'stationary' 
states, 
(3) that the radiation emitted during the transition of a 
system between two stationary states is homogeneous, and 
that the relation between the frequency v and the total 
amount of energy emitted, namely E, is given by E=hv, 
where h is Planck's constant, 
(4) that the different stationary states of a simple 
IV^ 
system consisting of an electron rotating round a 
positive nucleus are determined by the condition that the 
ratio betveen the total energy emitted during the 
formation of the configuration, and the frequency of 
revolution of the electron, is an entire multiple of h/2. 
Assuming that the orbit of the electron is circular, this 
assumption is equivalent to the assumption that the 
angular momentum of the electron round the nucleus is 
equal to an entire multiple of h/2Tl. 
(5) that the 'permanent' state of any atomic system i.e. 
the state in vhich the energy emitted is a maximum, is 
determined by the condition that the angular momentum of 
every electron round the centre of its orbit is equal to 
h/2Tl [Jammer 1966]. 
4.2 IN WHAT WAY WAS BOHR'S THEORY AN ADVANCE? 
A new theory generally rests a great deal on older 
ideas. Bohr's theory was no exception. It took the idea of 
quantized radiation from Planck, and the quantizing of 
material motion from A. Haas, although Bohr has said that he 
was not aware of it when he gave his theory. Let us hear from 
Bohr in this regard: 
"Thus, as I later learned, A. Haas had in 1910 
attempted, on the basis of Thomson's atomic model, 
to fix dimensions and periods of electronic motions 
by means of Planck's relation between the energy and 
the frequency of a harmonic oscillator. " [Bohr, 
l l S ! 
1962]. 
We tell about angular momentum quantization and the 
frequency condition in the next section. 
Apart from its great success in accounting for the 
spectral and related data of hydrogen-like atoms, it also 
marks a theoretical watershed in that it is the first theory 
which has both quantized radiation as well as quantized 
motion of material particles. 
However, it still retained classical physics to govern 
the orbits which were as precise as in classical physics. 
There was no element of uncertainty or probability in the 
theory. As we know today, uncertainty and probability are the 
hallmarks of quantum physics and these are totally absent 
from Bohr's theory. So, we note that Bohr's theory is less 
than a half-way house between classical and quantum physics. 
Ultimately, Bohr's theory was replaced by quantum theory 
which came in two forms, wave mechanics and matrix mechanics. 
Schrodinger, Dirac and others established their equivalence. 
4.3 ANGULAR MOMENTUM QUANTIZATION: 
We have already said that it generally happens that many 
old things found and used by others are taken almost as such 
or with some modification in a new theory. This is exactly 
the case for the angular momentum quantization in Bohr's 
theory. Let us know about it in Bohr's own words: 
"Further, J.Nicholson had in 1912 made use of 
quantized angular momentua in his search for the 
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origin of certain lines in the spectra of stellar 
nebulae and the solar corona. Above all, hovever. it 
deserves mention that, following early ideas of 
Nernst about quantized rotations of molecules, N. 
Bjerrum already in 1912 predicted the band structure 
of infra-red absorption lines in diatomic gases and 
thereby made a first step towards the detailed 
analysis of molecular spectra eventually achieved on 
the basis of the subsequent interpretation, by 
quantum theory, of the general spectral combination 
lav. " [Bohr 1962]. 
The formulS for the frequency of the quantum seems to be a 
contribution of Bohr himself. Let us know about it in Bohr's 
own words: 
"This fundamental combination lav obviously 
defied ordinary mechanical interpretation and it is 
interesting to recall hov in this connection Lord 
Rayleigh had pertinently stressed that any general 
relationship between the frequencies of the normal 
modes of vibration of a mechanical model would be 
quadratic and not linear in these frequencies. For 
the Rutherford atom we should not even expect a line 
spectrum since, according to ordinary 
electrodynamics, the frequencies of radiation 
accompanying the elctronic motion would change 
continuously with the energy emitted. It was 
\Vi 
therefore natural to attempt to base the explantion 
of spectra directly on the combination law^. 
"In fact, accepting Einstein's idea of light 
quanta or photons with energy hn, where h is 
Planck's constant, one was led to assume that any 
emission or absorption of radiation by the atom is 
an individual process accompanied by an energy 
transfer h(T'- T" ) , and to interpret hT as the 
binding energy of the electrons in some stable, or 
so-called stationary, state of the atom. In 
particular, this assumption offered an immediate 
explanation of the apparently capricious appearance 
of emission and absorption lines in series 
spectra. Thus, in emission processes we witness the 
transition of the atom from a higher to a lower 
energy level, whereas in the absorption process we 
have in general to do with a transfer of the atom 
from the ground state, with the lowest energy, to 
one of its excited states" [Bohr 1962, pp. 122-3]. 
4.4 INITIAL CRITIQUE: 
Let us hear from Sir Charles Darwin in this regard: 
"...at the time spectroscopy was by no means 
in the cleai—cut state in which it could be 
presented later... There was the confusion that the 
Balmer series was 3 —> 2, 4 —> 2, etc. . . There were 
also other difficulties confronting (Bohr). First 
l l i i 
there vas the small discrepancy of the hydrogen 
Rydherg number compared with that coming from the 
alkalis; this could be explained as due to the 
smaller mass of the nucleus. Also some time earlier 
the astronomers had reported that the star Zeta 
Puppis emitted a spectrum which seemed to be a kind 
of half Balmer series 2-^ —> 2, 3-—> 2, 3-^ —> 2, 
etc....But Bohr at once could point out that it vas 
exactly the spectrum that ionized helium would 
produce; the thought that it might be helium had 
occurred to nobody else, because the spectrum was 
of course so different from the known helium 
spectrum." [C.G.Darwin 1955, pp. 7-8], 
Finally, let us hear Bohr himself in this context who talks 
at some length: 
"In fact, just as in the case of a harmonic 
oscillator, a simple calculation showed that for 
each of the stationary states of the hydrogen atom 
the action integrated over an orbital period of the 
electron could be identified with nh, a condition 
which in the case of circular orbits is equivalent 
to a quantization of the angular momentum in units 
h/2n. Such identification involved a fixation of . 
the Rydberg constant, in terms of the charge e and 
mass m of the electron and Planck's constant, 
according to the formula 
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R = 
2 P^ m e^ 
which was found to agree i/ith the empirical value 
vithin the accuracy of the available measurements 
of e, m, and h. 
Although this agreement offered an indication 
of the scope for the use of mechanical models in 
picturing stationary states, of course the 
difficulties involved in any combination of quantum 
ideas, and the principles of ordinary mechanics 
remained. It vas therefore most reassuring to find 
that the whole approach to the spectral problems 
fulfilled the obvious demand of embracing the 
classical physical description in the limit where 
the action involved is sufficiently large to permit 
the neglect of the individual quantum. Such 
considerations presented indeed the first 
indication of the so-called correspondence 
principle expressing the aim of representing the 
essentially statistical account of quantum physics 
as a rational generalization of the classicaL 
physical description. 
Thus, in ordinary electrodynamics the 
composition of the radiation emitted from an 
electron system should be determined by the 
frequencies and amplitudes of the harmonic 
12 
oscillations into vhich the motion of the system 
can be resolved. Of course no such simple relation 
holds betveen the Keplerian motion of an electron 
around a heavy nucleus and the radiation emitted by 
transitions between the stationary states of the 
system. However, in the limiting case of 
transitions betveen states for which the value of 
the quantum number n are large compared with their 
difference it could be shown that the frequencies 
of the components of the radiation, appearing as 
the result of the random individual transition 
processes, coincide aymptotically with those of the 
harmonic components of the electron motion. 
Moreover, the fact that in a Keplerian orbit, in 
contrast to a simple harmonic oscillation, there 
appears not only the frequency of revolution but 
also higher harmonics, offered the possibility of 
tracing a classical analogy as regards the 
unrestricted combination of the terms in the 
hydrogen spectrum. 
Still, the unambiguous demonstration of the 
relation between the Rutherford atomic model and 
the spectral evidence was for a time hindered by a 
peculiar circumstance. Already twenty years before, 
Pickering had observed in the spectra of distant 
stars a series of lines with wavelengths exhibiting 
10 
m 
a close numerical relationship vith the ordinary 
hydrogen spectrum. These lines were therefore 
generally ascribed to hydrogen and were even 
thought by Rydberg to remove the apparent contrast 
between the simplicity of the hydrogen spectrum and 
the complexity of spectra of other elements, 
including those of the alkalis, whose structure 
comes nearest the hydrogen spectrum. This view was 
also upheld by the eminent spectroscopist A. Fowler 
who just at that time, in laboratory experiments 
with discharge through a mixture of hydrogen and 
helium gas, had observed the Pickering lines and 
new related spectral series. 
However, the Pickering and the Fowler lines could 
not be included in the Rydberg formula for the 
hydrogen spectrum, unless the number n in the 
expression for the spectral terms were allowed to 
take half integral as well as integral values; but 
this assumption would evidently destroy the 
asymptotic approach to the classical relationship 
between energy and spectral frequencies. On the 
other hand such correspondence will hold for the 
spectrum of a system consisting of an electron 
bound to a nucleus of charge Ze, whose stationary 
states are determined by the same value nh of the 
action integral. Indeed, the spectral terms for 
11 
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2 2 such a system would be given by Z R/n , which for 
Z = 2 yields the same result as the introduction of 
half-integral values of n in the Rydberg formula. 
Thus, it was natural to ascribe the Pickering and 
Fowler lines to helium ionized by the high thermal 
agitation in the stars and in the strong discharge 
used by Fowler. Indeed, if this conclusion were 
confirmed, a first step would have been made 
towards the establishment of quantitative 
relationships between the properties of different 
elements on the basis of the Rutherford model" 
[Bohr 1962 pp. 124-6]. 
Or again: 
"During the following months, the discussion 
about the origin of the spectral lines ascribed to 
helium ions took a dramatic turn. In the first 
place, Evans was able to produce the Fowler lines 
in discharges through helium of extreme purity, not 
showing any trace of ordinary hydrogen lines. 
Still, Fowler was not yet convinced and stressed 
the spurious manner in which spectra may appear in 
gas mixtures. Above all he noted that his accurate 
measurements of the wavelengths of the Pickering 
lines did not exactly coincide with those 
calculated from my formuls with Z = 2. An answer to 
the last point was, however, easily found, since it 
12 
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was evident that the mass m in the expression for 
the Rydberg constant had to be taken not as the 
mass of a free electron but as the so-called 
reduced mass mM(m+M) , where M is the mass of the 
nucleus. Indeed, taking this correction into 
account, the predicted relationship between the 
spectra of hydrogen and ionized helium was in 
complete agreement with all the measurements. This 
result was at once welcomed by Fowler who took the 
opportunity of pointing out that also in the 
spectra of other elements, series were observed, in 
which the ordinary Rydberg constant had to be 
multiplied by a number close to four. Such series 
spectra, which are generally referred to as spark 
spectra, could now be recognised as originating 
from excited ions in contrast to the so-called arc 
spectra due to excited neutral atoms. 
Continued spectroscopical investigations were 
in the following years to reveal many specta of 
atoms, from which not only one but even several 
electrons were removed. In particular, the well-
known investigations of Bowen led to the 
recognition that the origin of the nebular spectra 
discussed by Nicholson had to be sought , not in 
new hypothetical elements, but in atoms of oxygen 
and nitrogen in a highly ionized state. Eventually 
13 
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the prospect arose of arriving, by analysis of the 
process by it^hich the electrons are one by one bound 
to the nucleus, at a survey of the binding of every 
electron in the ground state of the Rutherford 
atom. In 1913, of course, the experimental evidence 
vas still far too scarce, and the theoretical 
methods for the classification of stationary states 
urere not yet sufficiently developed to cope vith so 
ambitious a task." [Bohr 1962, pp 129-30]. 
4.5 OPINIONS OF THE TIMES: 
E. Rutherford 
We quote a letter of Rutherford in this regard: 
March 20 1913 
Dear Dr. Bohr, 
I have received your paper safely and read it 
vith great interest, but I want to look, over it 
again carefully when I have more leisure. Your ideas 
as to the mode of origin of spectrum of hydrogen are 
very ingenious and seem to work out well; but the 
mixture of Planck's ideas with the old mechanics 
make it very difficult to form a physical idea of 
what is the basis of it. There appears to me one 
grave difficulty in your hypothesis, which I have no 
doubt you fully realise, namely, how does an 
electron decide what frequency it is going to 
vibrate at when it passes from one stationary state 
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to the other? It seems to me that you would have to 
assume that the electron knows beforehand where it 
is going to stop. 
There is one criticism of minor character which 
I would make in the arrangement of the paper. I 
think in your endeavour to be clear you have a 
tendency to make your papers much too long, and a 
tendency to repeat your statements in different 
parts of the paper. I think that your paper really 
ought to be cut down, and I think this could be 
done without sacrificing anything to clearness. I do 
not know if you appreciate the fact that long papers 
have a way of frightening readers, who feel that 
they have not time to dip into them. 
I will go over your paper very carefully and 
let you know what I think about the details. I shall 
be quite pleased to send it to the Phil. Mag. but I 
would be happier if its volume could be cut down to 
a fair amount. In any case I will make any 
corrections in English that are necessary. 
I shall be very pleased to see your later 
papers, but please take to heart my advice, and try 
to make them as brief as possible consistent with 
clearness. I am glad to hear that you are coming 
over to England later and we shall be very glad to 
see you when you come to Manchester. 
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By the way, I was much interested in your 
speculations in regard to Fowler's spectrum. I 
mentioned the matter to Evans here, who told me that 
he was much interested in it, and I think it quite 
possible that he may try some experiments on the 
matter when he comes back next term. General work 
goes well, but I am held up momentarily by finding 
that the mass of the a-partricle comes out rather 
bigger than it ought to be. If correct it is such an 
important conclusion that I cannot publish it until 
I am certain of my accuracy at every point, the 
experiments take a good deal of time and have to be 
done with great accuracy. 
Yours very sincerely, 
E. Rutherford. 
P.S.:I suppose you have no objection to my using my 
judgement to cut out any matter I may consider 
unnecessary in your paper? Please reply." 
Rutherford's above description of Bohr's theory as a mixture 
of Planck's idea with old mechanics seems apt. 
A. Sommerfeld 
In the context of Bohr's calculation of the Rydberg 
constant, Sommerfeld writes to him: 
" Although I am for the present still rather 
sceptical about atom models in general, 
nevertheless the calculation of this constant is 
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indisputably a great achievement." [Rozental 
1968, p 56]. 
As reported by Brillouin, on reading Bohr's paper in the 
Philosophical Magazine, Sommerfeld had nonetheless remarked: 
" there is a most important paper here by N. 
Bohr; it will mark a date in theoretical 
physics" [ibid. p. 56]. 
R. Courant 
In a letter to Bohr the great mathematical physicist 
writes: 
"...Thanks to a forewarning through Harald, urho 
had so often told such amazing things about his 
brother, I vas then at once prepared to believe that 
you must be right; but urhen I reported these things 
at Gottingen, they laughed at me for taking such 
fantastic ideas seriously; thus, as it were, I became 
a martyr to Bohr's model..." [ibid, p 57]. 
J. Jeans 
Jeans commented on Bohr's postulates by saying: 
"...The only justification at present put forward for 
these asumptions is the very weighty one of success." 
[ibid, p 58]. 
A. Einstein 
When Einstein was reportedly told about the success of 
Bohr's theory in explaining the Fowler spectrum, Einstein is 
reported to have remarked : 
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" Then it is one of the greatest discoveries" [ibid. 
P 60]. 
N. Bohr on N. Bohr: 
As late as July 1st 1913, Bohr had written to 
Rutherford: 
" I have for a few days been in a terrible doubt as 
to the validity of the foundation for the( whole ) 
theory,." 
In September 1913, in a letter written to McLaren he seems 
more explicit. He writes: 
" In the necessity of new assumptions I think 
that we agree; but do you think such horrid 
assumptions, as I have used, necessary? For the 
moment I am inclined to most radical ideas and do 
consider the application of the mechanics as of only 
formal validity. " [ibid, p 58]. 
4.6 SOME APPLICATIONS: 
Bohr's theory was applied, in its early days, to the 
hydrogen-like atom, the particle in a box, the harmonic 
oscillator, the rigid rotator, etc. Here we consider only two 
applications. We give two examples for which we have 
ourselves carried out the calculations. One has been chosen 
because it is of instructive value and the other for its 
possible usefulness. 
(1) One-Dimensional Exponential Potential: 
Let the potential be given by 
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V(x) = -Voe'l^l a 
so that the energies are given by 
-|Ej^| = p^ /2in -Vc,e~l^ l/a 
from which, by rearranging, we get 
p = I -2m |E I + 2inVoe"l^'/a| 
The quantization rule can be stated as 
Substituting for p from above, and making a change of 
variable by putting 
3 2 ^ e"l^l/a =sec2 ^ 
and integrating, using the relations 
"' rl^l/a - 1 . 0 
f p dx = nh = 2 p dx = 4 p. dx 
^-v_ Jo 
En 
tanP-^x [tanP x dx = — — - ftan^'^x dx (p?^  1) 
[vide Gradshteyn p.139, 2.527(1)], 
and 
cos"-^(z^)- cos'^Cz^) = cos'-^lz^z^ +[(l-zj) (l-z^)] I 
[vide Abrowmowitz p.80, 4.4.33], 
we get the relation 
This can be simplified for the just binding case ( i.e. E « 
0) by assuming E « VQ to yield the condition 
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2 h^ Voa « for n = 1. 
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2 i.e. the state vith n = 1 is just bound, only if Vga is 
equal to or above a certain threshold. For higher values of 
n, this product would have to be higher and higher. 
We now pose the question as to what is the ground state. 
There seems, generally, to be no reason against taking n = 0. 
This clearly gives the lowest energy to be equal to -VQ i.e. 
the energy coincides with the bottom of the well. The same 
situation arises for the 3-dimensional potentials. This is 
also the classic situation. This is in conflict with quantum 
mechanics as we see below. 
Quantum mechanics tells us that every attractive 1-
dimensional potential would bind a particle in it, 
irrespective of the strength and range of the potential. The 
result also extends to 2-dimensional potentials. However, for 
3-dimensional potentials, binding does not occur if the 
combination of strength and range is not above a certain 
threshold. Now, this is in conflict with the results of OQT 
for 3-dimensional potentials. The quantal result arises from 
treating the dynamical variables as operators. There is 
nothing like that in OQT- So, to the extent we want to apply 
OQT to 3-dimensional potentials we adopt the rule that n ^^ 
0. 
(2) The Saxon-Woods potential: 
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Solving the Schrodinger equation for the Saxon-Woods (S-
W) potential involves trial-and-error method for bound state 
eigenvalues of an implicit transcendental equation (Flugge 
19 71 , Deloff 1971). Using Bohr's theory, however, 
approximate energy values can be obtained in a relatively 
easy way. Our interest in the problem arose from our wish to 
account for the A-binding energies in hypernuclei. 
We apply Bohr's theory to the potential 
V(r) = - — ^ , R = r A Z'' (1) 
1 + exp[^] " 
We know from the work of Sommerfeld that non-relativistically 
the enrgy does not depend on the shape of the orbit. So, we 
take circular orbits confined to the XOY-plane; then the only 
canonical momentumn is p = m v. Bohr's quantum condition then 
gives 
m V r = nh, n = l , 2 , . (2) 
Moreover, F = -dV/dr, where V is the potential taken to be 
spherically symmetric. As 
dV(r)/dr = + m v^/j- (3) 
we keep dV/dr here as it is^ if it has the positive sign, 
otherwise we take minus of the quantity. If B, _ . is the A-
binding energy in the orbit of quantum number n and E, is 
the corresponding energy value, we have 
Using (1) in (3), and substituting (2), we find 
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(5 ) 
A l s o u s i n g (1) and (2) i n (4) we g e t 
B , , , = - =— + (^) 
Thus, in principle, we have to find r^ j from (5) and 
substitute the value in (6) to obtain B, ,,, However, that 
(n-1 ) 
is not easy. 
Our method consists of approximately solving (5) by assuming 
r„ = R + A„ 
n n 
such that 
(1) A is negative 
(2) lA^l/a » 1, and 
(3) AyR« 1. 
In actual fact, in regions of interest, a~ 0.65 and r ~R/2, 
so that the approximation is well-satisfied. 
It is then easily seen that 
A = (| + |)^ -[(W ^ b^- h tloge<nVa/mVo>+2e~^/^^-3loge R] 
n (3/R2) 
(7) 
where the sign of the square root should be so chosen that A^ 
is negative. Thus r^ = R + A^ is known and for given VQ, A, 
TQ, a and n one can find out the value of B(n_i) from (6) 
above. It may be noted that r^ does not enter anywhere in 
(7) . When the solutions for various values of VQ, A and a so 
obtained are compared with solutions obtained by exact 
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numerical integration of Schrodinger equation one finds a 
regular discrepancy or deficiency. The two solutions approach 
each other to within 1-2% in all cases if in (6) an 
additional factor Q = 0.59 is introduced. This we call 
^deficiency factor'so that the correct eigenvalue becomes 
(for n = 1) 
Bo 
Vo 
m(Qri)2 1 + exp[Q^l^3 
(6a) 
with r2 = r + Aj, and Aj given by (7). 
Table (1): Percentage Differences in the Ground State 
Binding Energies [^n] -i" ^^^ Saxon Woods Potential, 
calculated using (a) the OQT (Deficiency Factor [Q]) 
Approximate Method and (b) 'Exact' (i.e. Numerical 
Integration of the corresponding Schrodinger Equation) Method 
BQ (MeV) 
[from exact 
calculation] 
BQ (MeV) 
[as calculated 
using (6a)] 
e r r o r 
Q = 0 .59 
12 
13 
14 
16 
19 
49 
74 
99 
149 
199 
249 
12.25 
12.025 
-13.3 5 
14.3 
15.5 
21.925 
23.675 
24.725 
25.925 
26.575 
27.075 
11 .99 
12 .6 
13 .16 
14 .16 
15 .43 
21 .53 
23 .57 
24 .78 
2 6 . 1 5 
26 .92 
27 .42 
2. 
1, 
1, 
0, 
0, 
1. 
0, 
0, 
0, 
1, 
14 
75 
41 
96 
46 
81 
43 
21 
98 
31 
1.28 
VQ = 30 MeV a = 0.65 fm r^ = 1.2 fm 
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In the table above we compare BQ as given by (6a) with 
the values determinmed by exact numerical integration of 
Schrodinger equation with given values of a and TQ. 
Comparison with data has not been attempted, although a fair 
amount of agreement can be easily obtained by a suitable 
choice of the parameters. 
Even when VQ and a are varied in the ranges 60)VQ)30 
and 0.65) a) 0.5, the maximum error in BQ is found to be less 
than 3% in all cases. The error increases significantly (to 
about 20%) if VQ is lowered much further ( i.e. to less than 
20 MeV) keeping ^a' high (2: 0.5 fm) , and is relatively high 
(~ 7-8%) for lower ^a'(- 0.35 fm). It would increase for much 
lower a or A. The maximum error is consistently less than 2-
3% for all values of A, for a = 0.65, and VQ lying in the 
range 60>Vo)30. The maximum error occurs at lower values of A 
where the very assumption of a Saxon-Woods potential itself 
becomes rather doubtful in any case. It therefore follows 
that in most cases a single deficiency factor of Q =0.59 
suffices to reproduce the ground state energies to within an 
accuracy of 1-2%. Here we do not speculate as to why it was 
necessary to introduce Q, apart from the obvious fact that it 
was required. 
Below, we show that for the potential of infinte size, 
the ground state coincides with the bottom of the Saxon-Woods 
well in agreement with the exact theory. We have 
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3 (r-R)/a 
^ ^ = K (say) (8) 
[ 1 +e("'^)/^ ]^ 
In the limit R—^ oo, the above becomes: 
^3 3(r-R)/a ^ J, 
or g-(r-R)/a ^ ^ ^g^ 
^1 K 
g-(r-R)/2a 
^3/2 VK 
(10) 
From (9) , 
1 _ 1 ^(r-R)/a 
So, for the infite well, 
BQ = -Eo = + Vo 
and the energy level is at the bottom of the well as exact 
treatment also tells lis." 
4.7 ALTERNATE FORMS: 
For circular orbits in the XOY-plane, we have 
m V r = nh 
p p 
This leads to 2' ^"^  ~ gmr^ 
mv^ dV(r) 
Also — P - = - ^ 
where for obvious reasons, it is to be taken as dV/dr if it 
is positive and -dV/dr if it is negative. We take the 
positive sign. Therefore, we get 
n2h2 dV 
mr 3- - -HF~* 
(") For confining potentials of quantum mechanics, because 
of the uncertainty principle, the lowest energy is 
always above the bottom of; the well. The zero-point 
energy of the oscillator arises this way. Generally it 
may be called Bottom Point Energy. We will discuss it in 
detail later elsewhere. 
13 i 
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The above equation determines the Bohr radius r . Using the 
^B, we get the quantized energy as 
_ n n . ,, / > 
n^ = -2iE|- ^ ^(^B)' 
Let us consider another approach. We have 
E(r) = T(r) + V(r) 
r,2^ 2 
" ^ + V(r) 
2itir'^ 
dE(r) ^ _ n^h^ ^ dV(r) 
dr mr^ dr 
Setting the above equal to zero, we get 
n^h^ _ dV(r) 
mr^ dr 
The equation above is exactly the same as our equation given 
earlier for finding the Bohr radius. Since the expression for 
the total energy is the same in the two cases, it follows 
that the two calculations give the same eigenvalues for every 
attractive potential. In short, minimization, with respect to 
r, of the total energy in such a potential is equivalent to 
the old quantum theory. In a paper, V.F. Weisskopf, without 
pointing to the above relationship, has used the minimization 
procedure to discuss some atomic problems [Khan and Ansari 
1991]. 
An alternate way of Bohr quantization is as follows. 
Assuming that T is the periodicity of the classical orbit, 
define 
2 2 2 2 2 2 
<Ax> = <x > -<x> and <Ap> = <p > - <p> 
where the symbol < > gives an average of the quantity in 
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question over the classical period T, as for example 
T 
<x> = - fx(t) dt , etc. 
T J 
0 
Then quantisation is affected by the condition 
<Ax>(^  <Ap>(; = nh 
For the harmonic oscillator, force F = -kx, so that for 
1 2 
energy E = —kA , where x(t) = A cos (wt) , etc., we get, by 
2 
the above quantisation procedure, the value 
E = n h cj 
For the particle in 1-D box of length L, similarly, the above 
quantisation condition gives 
E = 6 --| 
whereas the exact quantum result differs from this in having 
the factor — (« 5), instead of 6, in the above energy 
2 
expression. 
The procedure has been checked for several other cases 
where the exact quantum mechanical results are available. The 
above quantisation seems to give the correct n-dependence of 
the expression for the quantum mechanical energy eigenvalues, 
Ej^ . It is stated that the new quantum condition incorporastes 
in itself substantial quantum mechanical content and throws 
some additional light on the transition domain between 
classical and quantum results [Shastri 1995]. 
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4.8 FAILURE OF BOHR'S THEORY: 
Despite its remarkable success in accounting for the 
spectral and other related data of hydrogen-like atoms, it 
was quite clear from the very beginning that Bohr's theory 
was only a stop-gap arrangement that anticipated a 
comprehensive theory of matter at the microscopic level. As 
we have seen, apart from others, Bohr was himself fully aware 
of the state of affairs. 
Whereas the theory gave a good account of the hydrogen-
like atoms, it was not fully satisfactoruy for the harmonic 
oscillator and the rigid rotator. However, when it was 
applied to the simplest molecule, the hydrogen molecule ion, 
it predicted the ion to be unbound, contrary to observation. 
Therefore, there was little point in trying it for more 
complex molecules. One other reason was that calculations 
even for the hydrogen molecule ion were prohibitively 
difficult. There was little chance of performing the 
calculations for more complex molecules. 
Apart from the failure of the theory mentioned above, it 
was conceptually unsatisfactory, being neither fish nor fowl, 
as they would say. This point has already been touched under 
the critiques of the theory. It was therefore due for 
complete replacement. This is what actually happened. 
However, it should be realized that it was a great 
theory in its day because it provoked so much fruitful 
experimentation. Also, it was, perhaps, a necessary step in 
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the journey to quantum mechanics and quantum field theory. 
Still the theory is useful for a simple discussion of 
hydrogen-like atoms. Also the correspondence principle is a 
useful legacy of the theory. 
For the i/r-potential (hydrogen-like atom) the energy 
values as given by the old quantum theory and that by quantum 
mechanics are eJiactly identical. It may also be recalled that 
for this potential the scattering cross section for a charged 
particle beam turns out to be exactly identical in classical 
and quantum mechanics. This state of affairs is quite 
intriguing and is not very well understood. The isotropic 
2 
oscillator potential which goes as r also shows some 
anomalies. These have also yet to be fully understood. 
It was quite clear from the very beginning that Bohr's 
theory was only a stop-gap arrangement. It was a mixture of 
the old and the new. Bohr's theory had nothing to do with 
uncertainty and probability which are fundamental to quantum 
physics. The theory had to yield to quantum mechanics and 
quantum field theory. 
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C H A P T E P ( 5 ) 
O N T H E A B S O L U T E A N D T H E 
R E L A T I O N A L I N S P A C E . 
T I M E . M A T T E R . M O T I O N A N D 
C O S M O L O G Y 
5.1 INDIAN VIEWS FROM ANCIENT TIMES-. 
Nyaya-Vaiseshika; Mimamsa: 
As far as Ancient Indian views on cosmology are 
concerned, the Nyaya-Vaiseshikas and also Mimamsakas posit an 
all-pervading ether such that space and time are modified 
forms of ether. Space is not eternal. Space-points co-exist 
with one another in unbounded ether. Time moments do not co-
exist but succeed one another. Vaiseshikas maintain that time 
is eternal. 
Sankhya: 
According to Sankhyas, time is not an independent 
reality and it is not eternal. Vyasa holds that a moment is 
an indivisible unit of time and is defined as the duration of 
time required for an atom in motion to shift from one point 
in space to another point. Only the present moment is real; 
both the past and the future are unreal and non-existent in 
an actual sense; they may be present in the moment in a 
potential or latent manner only. If they did not exist in 
this latent manner either, they would not be comprehended at 
all. The aggregates of past, present and future can only be 
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mental constructions and they may not be thought of as 
existing together. 
Jain: 
According to the Jainas, space is infinite and eternal. 
It allows extended objects to exist. It, like time, is 
perceived and not inferred. Time is of two kinds, real and 
conventional. Real time is undivided, unextended, eternal. 
Conventional time is limited and divided in days, hours etc. 
Real time is the material basis of conventional time. Space 
is not the cause of existence of objects; it is the ground 
for their existence, i.e. that which makes existence of 
objects possible. Similarly, time itself is not the cause of 
change; it is the ground of change i.e. that which makes 
change possible. 
Buddhist: 
According to the Buddhists , time and space exist only 
in relation to things and as things are unreal so time and 
space are also unreal, unintelligible, a mere name, a 
phenomenal appearance. 
Advaita: 
According to the Advaita of Shankara, space, time and 
causality have an empirical reality but not an ontological 
reality. They imply plurality which is a construction of 
ignorance (avidya). The ultimate reality or the Brahman is 
non-spatial, non-temporal and non-causal, and He can only be 
known by right intuition (para vidya). Space implies co-
existence of a plurality of objects. Time implies a 
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succession of a plurality of events. Causation implies a 
plurality of causes and effects in succession. Since Brahman 
is One, Unique and Eternal, with nothing prior or posterior 
to it, it is spaceless, timeless Reality, transcending all 
spatial and temporal sequences. 
Visishtadvaita: 
According to Visishtadvaita, time is eternal in the 
transcendental abode of God, but it is non-eternal in the 
world. Time is the body of God and it is the cause of 
transformation of nature (prakriti) and the cause of all 
changes or effects in this world. 
Shuddhadvaita: 
According to Shuddhadvaita of Vallabha, karma and 
svabhava are parts of time. Karma is destiny, and makes right 
and wrong actions produce their fruits in time. Svabhava is 
the cause of transformation or change in this world. 
Dvaita: 
According to Dvaita of Madhava, uncreated space is the 
abode of all other substances, and time is co-existent with 
it, being the general cause of production of all things.This 
uncreated space is different from akasha or ether but is akin 
to eternal vacuum. 
5.2 GREEK VIEWS FROM ANCIENT TIMES: 
Heraclitus: 
As far as Greek views on time, space and cosmology were 
concerned, Heraclitus held that permanence and constancy are 
merely apparent. His famous words were:'You cannot step into 
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the same river twice, for fresh waters are ever flowing in 
upon you'. He believed that flux and becoming are real and 
eternal, as it was said was Being. His words were:'Being is 
an eternal becoming and yet becoming resolves into eternal 
Being'. 
Parmenides: 
Parmenides disagreed with Heraclitus. He held that only 
the permanent and enduring are real and that time, flux, 
change and motion are unreal. 
Plato: 
Plato tried to reconcile constancy with change. He spoke 
of forms, ideas and essence as absolute, eternal and 
unchanging, and of matter and objects as existing in time and 
space, and undergoing change. The realm of constancy 
transcends time. According to him, time came into existence 
when the world came into existence; time is not eternal but 
depends upon eternity for its being. Time is a subordinate 
order of things. 
Aristotle: 
Aristotle defined time as a measure or number of motion 
in respect of before and after. Time is a combination of 
change and permanence. In his view, space of the world is 
finite but the finite is infinitely divisible. The universe 
consists of sun, moon, planets and fixed stars and beyond the 
sphere of the stars there is no space. 
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Plotinus: 
According to Plotinus, time in its being is linked to 
the soul as its source. Time is not eternal but an image of 
eternity. It is endless because the soul^s activity, in 
seeking a temporal counterpart of the timeless perfection of 
eternity^is endless. 
5.3 CYCLICITY OF TIME: 
Yet another feature is the concept of the cyclicity of 
time which was almost mythological but which appeared in 
several ancient cultures. Going back to almost mythological 
times, ancient Greek, Egyptian, Babylonian, Chinese as well 
as Indian traditions held views of the cyclicity of time 
whereby they thought that time turns upon itself forever, and 
things repeat themselves exactly. Such a view is somewhat 
similar to the modern Physics' idea of a Big Bang followed by 
a Big Crunch, the process repeating itself in infinite 
succession. According to the eternal recurrence 
characteristic of time, Plato would be born again and 
would teach in the same school in Athens as before, and all 
things would repeat themselves exactly as before. According 
to their estimate, such a recurrence occurred after every 
36,000 years. The Christians refuted the theory of divine 
powers of stars and planets as developed in Greek times. 
Moreover they had a linear, rather than a cyclic, view of 
time. Even though modern evolutionary theory disputes the 
creation theory of Christian theology as pure myth, the 
works of paleontologists like Teilhard de Chardin have done 
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much to reconcile the Christian church to the idea of 
evolution, as well as to the unity of the biosphere, 
which is seen to evolve into a noosphere, followed by a 
Christosphere. Modern Physics, even when talking about the 
cyclic history of the cosmos, treats time in a linear 
fashion, as was the case with Christio-Judaic-Islamic 
tradition. But with general relativistic quantum 
cosmology, allowing time to bend like space near 
singularities, time has been described to be finite but 
unbounded, like space. One could probably say that even when 
we had the situation that light could bend as it traversed 
regions of space, it could theoretically traverse a complete 
cosmic circle and return to the same region from where it 
started and then one could perhaps say that the entire 
happenings that had gone on before would repeat themselves as 
the ancients imagined. But the Indian concept of pralaya 
corresponds more to the idea of total extinction of the world 
as we know it, as in the Big Crunch. Six such epochs are 
supposed to have gone by and now the present i.e. the seventh 
is said to be going on and is not to end by a pralaya or 
return to the origin as before. 
5.4 OCCULTISM AND MYTHOLOGY: 
Aurobindo Ghosh: 
In talking about such views of time and the cosmos, much 
occultism also is invoked, as by the followers of Aurobindo 
Ghosh, who seek to justify belief in myths as good for the 
modern man who is worried, as they say, by the one-sided 
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monotheism is undeniable, but it is important to remember 
that the Quran not only mentions the dialogue of Moses with 
God, but has elevated the occasion of the dialogue and the 
immolation of his son by Abraham, to an important annual 
celeberation in the social fabric of practicing Muslims ( I 
refer here to the annual festival of Eid al Adh'ha). Islam, 
therefore, largely affirms Judaism, as also Christianity, 
calling Jesus Roohullah (^ Soul [or Spirit] of God'), and 
also honouring the dialogue between God and man (as 
represented i.e. by Moses or Abraham, as above). This can be 
ascertained, among other things, from the texts of the Quran 
and the Bible. 
Mercier claims that his idea of a Complementarity 
between Religion and Philosophy was inspired by Niels 
Bohr's Complementarity Principle,* and the idea of Trinity, 
as above, was similarly inspired by Newton's Trinitarian 
system of Time, Space and Momentum, in the sense that till 
the idea of momentum was carefully delineated by Newton, it 
was proving, impossible to understand motion correctly, 
quantitatively and precisely. 
It may, however, be commented that the idea that some 
numbers enjoy special significance is nothing new in 
philosophy. The Pythagoreans held numbers in esoteric 
esteem. The number four enjoys special significance in 
Aristotelian and neo-Aristotelian philosophies even today. 
More recently,the number eight, as in the eight-fold way 
{*) Ghosh et al (Phys. Lett. A 153, 1991, 403; 168, 1992, 
95) pointed out that the principle of complementarity 
may be violated in single-photon tunnelling experiments. 
This was confirmed by Mizobuchi et al (Phys. Lett. A 
m 
(SU3 Symmetry description of particle physics by Cell Mann 
and Neeman during the sixties ) , assumed special 
importance. The number seven has been held in special 
significance by many mystic schools of thought such as, for 
example, by Muslim sufis. The number three as the basis of 
trinitarian or triadic considerations in various fields, as 
highlighted by Mercier, has been important in Gnostic, 
Manichean and Plotinean schools of thought which either 
became incorporated in the earliest forms of Pauline 
Christianity or were used later in . philosophically 
elaborating upon it as by the neo-Platonists. In this sense, 
therefore, Mercier's views can be characterized as an 
attempt at creating a Christian Physics as part of a larger 
Christian Science, and that would then imply that there is 
an Islamic Science, a Jewish Science, a Hindu Science, and 
so on. This is indeed a widespread phenomenon, and we are 
given to understand that some of the following persons, for 
example, have been associated with promoting rationality in 
Islam, and what has also come to be called today, in line 
with the tone of Mercier's work above, as Islamic Science. 
These people include: Hussain Nasr in U.S.A., Mehdi Gulshani 
and Sabzwari in Iran, Iqbal and Maudoodi in Pakistan, Sir 
Syed, Shah Waliullah, Allama Mashriqui and Sarhindi in 
India, Mohammad Abduh, Hasanal Banna and Syed Qutub in 
Egypt, Syed Naquib al Attas and Osman Bakr in Malayasia, 
Zia Gokulp in Turkey, Malik Bey Nabi in Algeria and Mohammad 
(contd.) 168, 1992, 1). We interpret this to mean that in 
some situations even the use of classical language may not be 
allowed. 
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elsewhere. Yet another notion of modern physics is the 
slowing down or retardation of time with speed, so that time 
stands still, as it were, for an observer moving with the 
velocity of light. In other words, light would live in 
eternal duration were it not for the fact that it can be 
created and destroyed at will, so that it is far from being 
divine in nature as far as our control over it goes. 
Associated is the relativistic notion of increase of mass 
with velocity, so that any massive body would acquire 
infinite mass if it were moving with the velocity of light 
with respect to us, so that the concept of Unmoved Mover 
would break down for such an object, in that it would, 
no doubt, be infinitely massive, but then instead of being 
unmoved, it will be moving with the speed of light . In 
other words, an Unmoved Mover can only be something 
very big and very massive, while being also at absolute 
rest, but according to the theory of relativity such a system 
does not, in fact, exist because motion and rest are at best 
definable only in relative terms. In other words, even 
eternity as applied to duration in the light-frame has only 
a relative limiting sense of validity, and it does not 
follow that light has an esoteric justification for being 
associated with Gods or spirits of mythology in providing a 
description of the latter. Indeed, even philosophically it 
is often left best to say that God is unique and can not be 
described in words or by adjectives. If God or mythological 
entities are given attributes of ordinary things, one will 
151 
soon run into logical difficulties, and the attempts will 
fend in failure. 
Sociological Considerations: 
Of course the sociological justification of having 
rituals is something else again, and has more to do 
with orthopraxy rather than with orthodoxy. During our tours 
in the district of Shahjahanpur in the state of Uttar Pradesh 
of India, we came across a festival centered round a tomb-
like structure. Our inquiries revealed that in actual fact 
there was not even a tomb there (it was described to us as 
the tomb of Jinn Baba i.e. the tomb of a genie) but men, 
women and children were in full festivity of dance, mela, 
song and celebration, clearly showing that the occasion 
really had a social or psychological significance, rather 
than a significance with regard to physical reality (of 
genie). In other words, a situation bordering on myth 
was being perpetuated/strengthened because it seemed to 
satisfy some other needs of the people or the community, 
but then such a gathering can hardly be taken to establish 
the physical truth of the entities involved. If there was 
anything, it was something other than Physics, as we 
know it, that was involved there. A comparative assessment 
between orthodoxy and orthopraxy, with special reference to 
Indian Muslims, has been done by me in a recent seminar held 
at the Department of Sociology at the Aligarh Muslim 
University. A consideration of some typical Muslim views 
follows. 
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5.5 CENTRAL AND WEST ASIAN -•V^'" hOiLowiNc THE ADVENT 
ISLAM: 
Ikhwan al-Safa; Al-Biruni; Ibn i nia; 
As^  far as Muslim views jr, space, time and cosmos are 
concerned, historically, the material of various sciences 
came irfto the hands of the Muslims from diverse sources 
during ^ he first three centuries of the Islamic history, and 
then these elements were integrated and absorbed gradually 
into theP unitary perspective ot islam. During the fourth and 
fifth (Centuries, interest in the natural and mathematical 
sciences reached its peak, and cosmological sciences were 
formulated in a manner that was to have a lasting influence 
upon the %hole of Muslim history. The writers of this period 
laid the foundations of the study of the sciences, and 
determined the direction whi"h various schools of Islamic 
philosophy and science were to follow during the later 
centuries. Among the writers of this most prolific and 
fruitful period, the Ikhwan al flafa, al-Biruni and Ibn Sina 
are of special significanro not only because of the extent 
of their influence, but also b'?cause together they represent 
nearly all the important perspectives followed in the 
cosmological sciences in lb.lair in medieval days. 
5.5.A. IKHWAN AL SAFA [I.E. THF BKOTHERS OF PURITY] : 
Ontological Hierarchies: 
The'Ikhwan had a schen ontological hierarchy whereby 
the Creator creates the ..qtrr^  Intellect which creates the 
World Sotil which is resp- sfoif for affecting changes in the 
ofr-1 -
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world. In assessing such a hierarchical scheme, it almost 
seems that the /^»-function of present-day Bohmian version of 
quantum mechanics, being a wave that can affect the particle 
in piloting its motion according to the Schrodinger equation, 
while remaining unaffected by the particle itself, could be 
interpreted as due to the action of an Agent Intellect that 
creates the World Soul which is responsible for the movement 
of the world from within as well as without. It is to be 
noted that the ^-function itself is not affected in turn by 
the particle, so that action flows as it were in one 
direction only i.e. from |/(-function to the particle and not 
vice versa. To say that God is responsible is correct in the 
overall sense of the Ikhwan scheme, because God creates the 
Aql or Agent Intellect which creates the World Soul which is 
responsible for the activity or motion in matter or hyle. 
The Ikhwan conceived of the world as a person with a body and 
a soul, so that motion being the characteristic of life, the 
World Soul was the reason for motion in matter. Without the 
soul, matter would be just as dead as a person would die if 
his soul were to depart from his body. 
Zero, One, Two, Three: 
The Ikhwan emphasized the unicity of the world by 
identifying the Agent Intellect with the number one. However 
the number zero was identified with God. As Ibn Arabi would 
say the world was the unity of the unified whereas God was 
the unity of the unique. The zero of the Ikhwan has perhaps 
only a superficial resemblance to the sunya of the Buddhist 
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sunyavadists like Nagarjuna because Buddhism was not 
concerned so much with God as with practical questions of 
ethics. Then the numbers two and three were identified by the 
Ikhwan with the World Soul and Primary matter or hyle, as 
they were generated by adding one successively, signifying 
the action of the Agent Intellect at each of the levels 
subordinate to it. 
The Ikhwan thus had a scheme of ontological hierarchy 
where numbers had more than a quantitative significance, as 
with the Pythagorians or Hermeticists (i.e. the Idrisis). 
They had integrated elements of Greek Philosophy and tried to 
bring them in line with Koranic thesis. According to the 
Idrisis, the prophet Idris (or Hermes) had traveled to the 
sphere of Saturn to observe the details of the heavens and 
had then returned to the earth. The Pythagoreans also 
believed that the heavens had an orderly movement describable 
by numbers as with musical scales, the music as it were of 
the spheres. There were seven planets and nine heavens, the 
last two being the heaven of the Zodiac and the heaven of the 
heavens. 
Higher influences the Lower: 
In accordance with the principle that the higher realm 
influences the lower, while the lower realm exists for the 
sake of the higher, the Ikhwan in their elaboration of what 
they meant by the unicity of the world, proscribed powers of 
influencing events on the earth to the seven planets, powers 
that they said were given to the planets by the World Soul, 
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in lieu of Agent Intellect, in lieu of God. 
The Ikhwan were sincerely trying to integrate 
Aristotelian and Pythagorean philosophies in line with the 
religious principles of Islam. In the process, however, they 
continued to perpetuate a lot of myths as well. 
The Ikhwan rasa'ils are sacred to the Ismailis in 
particular and Shias in general, but that does not mean that 
Shia or Ismaili orthodoxy necessarily stands by them in toto. 
5.5.B. A L BIRUNI: 
Beyond Aristotle: 
The views of Abu Raihan Al-Biruni were somewhat 
different. Like Razi, he disputed several arguments advanced 
by Aristotle on the basis of his syllogistic, ratiocinistic 
method. For instance, he disputed the arguments that the 
motion of heavenly bodies cannot be elliptical but must be 
circular. He disagreed with the notion that elements 
composing the world have their ^natural' locations. He agreed 
with Aristotle that the world was finite, but did not agree 
that time was infinite or that an infinite void existed 
beyond the universe. He did not agree that time or space or 
matter could be infinitely divisible but agreed with the 
atomists , advancing the arguments of Zeno to show the 
absurdity of philosophers who believed in infinite 
divisibility and yet found that things moved in the actual 
world contrary to what their logic must lead them to believe. 
Non-alchemist Astrologer: 
It is another matter that Al-Biruni continued to believe 
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that the planets influenced events in the sub-lunar world ai •) ) 
the archetypical influences from the Zodiacal sphere were 
passed on to the earth through the intermediacy of the 
planets which had their own characteristic effects as 
sanctioned by higher realms. Even though Al-Biruni became 
known as the master of astrology, his emphasis in fact vas on 
including observation and experiment, along vith mere logic, 
as methods of arriving at the truth. While he thus practiced 
astrology he did not believe in alchemy which, with its 
sulfur-mercury theory of the origin of metals, was the 
earthly counterpart of Hermeticist astrology. In other 
words, there is greater emphasis on observation and deduction 
in the system preached by Al-Biruni in matters which were 
amenable to such a procedure. He was prepared to allow for 
doubt in matters which were not contradictory to Islamic 
views, and yet were alternatives to views expressed for 
instance by Aristotle, or his commentators. For example, he 
allowed for the possibility of a heliocentric, as opposed to 
a geocentric, universe but himself held onto the geocentric 
view saying that it is very difficult to decide between 
the two and that for actual astronomical purposes the 
difference did not seem to amount to much. 
Signs of God: 
In so far as Al-Biruni firmly believed that the study of 
the universe, as full of signs (ayaat) of Allah's work, would 
eventually lead to faith in Allah, the interpretation of the 
^-function of quantum mechanics as an agency eventually of 
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Allah, through perhaps various logical intermediaries, is in 
line with his thesis, as it is with the thesis of the Ikhwan 
al-Safa. 
5.5.C. IBN SINA (AVICENNA): 
Emanation and Return: 
Abu Ali Sina relied heavily on Aristotelian philosophy 
in his earlier works, but paid homage to the gnostic 
philosophy of the Sufis later, when he described the journey 
of the soul towards achieving perfection. While believing in 
an ontological hierarchy of the cosmos like Biruni, he 
nonetheless interiorized the cosmological hierarchy and 
showed that man can arrive at an angelic state and then merge 
with God in whose Being existence and essence become one. In 
this way all becoming merges with being and all multiplicity 
with unity. God creates the hierarchy of the universe through 
emanation or faid (as the sun spreads its rays) , while 
maintaining His transcendence. Ibn Sina's cosmogony is 
therefore distinctly Plotinian in aspect. Creation comes from 
God and returns to Him. The creation is a process of faid but 
the return is a process of ishq. The hierarchy is Creator, 
Intellect, Soul, Nature and Elements. By identifying the 
angels with Pure Intellects moving the heavenly spheres, Ibn 
Sina joined his cosmology with angelology. Moreover, Nature 
and Element are complementary and cannot exist without each 
other. Although both are generated by the Soul and are 
passive with respect to it, they are created so as to 
interact with each other. Nature exists in order to put into 
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motion the Element.By motion, Ibn Sina, like Aristotle, means 
all kinds of change. The Element has the ability to accept 
motion or the act of Nature. Nature as the cause of motion of 
the elements was a well-known Peripatetic doctrine. In 
addition to this, Ibn Sina also makes Nature to be the force 
that caused the body of all the heavens to be formed out of 
undifferentiated body (jism). He says that the first Element 
(unsur) in the world was in principia the point which, acted 
upon by Nature, was extended to a line, plane, and finally a 
three-dimensional body. Having become a body, it was then 
acted upon by the force of motion (tahrih) of Nature and the 
power of ordering (tadbir) of the Soul. Out of the part with 
the greatest purity (safa) the highest heaven was formed to 
which the Intellect and Soul became attached. Out of the 
less pure the next heaven was formed , and the process 
continued, until in the heaven of the Moon most of the purity 
was exhausted, and gravity and opaqueness {hathafah) and 
impurity (kudurah) became dominant so that the body could no 
longer accept a heavenly, form but became the world of 
generation and corruption in the sub-lunary region which was 
prepared not only to receive form by the Intelligences of 
the celestial realms but received its very being from them. 
Once having been brought into being, the sublunary region was 
moved by the power of Nature. In recent years. Physics has 
told us that the elements composing the earth, as well as 
living beings inhabiting the earth, were cooked in the 
interior of the stars and were thrown out in cataclysmic 
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explosions only to be recycled again or condense and form 
worlds like ours. Moreover, modern cosmology suggests that 
the universe formed out of a primordial point of almost 
infinite density iii a big explosion and has been expanding 
and evolving ever since, forming stars and galaxies and 
worlds like that of ours. In a figurative sense , the 
thinking as above of Ibn Sina seems almost to be a prelude 
to concepts of modern Physics. 
Ibn Sina rejects the Aristotelian idea of matter or hyle 
as potentiality, and like the Neo-Platonists admits of 
matter's existence only in actuality. Ibn Sina classifies 
divisions of Aristotelian potentiality and actuality as 
those of the contingent and the necessary. Whereas for the 
Peripatetics matter is eternal and hyle does not require or 
admit a cause but is necessary, according to Ibn Sina hyle 
has need of multiple causes for its existence in actuality. 
Once again, with modern Physics allowing for creation and 
annihilation of matter, the views of Ibne Sina seem to pave 
the way to modern Physics. 
Divisibility of Matter: 
Ibn Sina rejects the notion of indivisible atoms, and 
while accepting essential continuity as well as possibility 
of division as characteristic of all corporeal bodies 
possessing form and matter, he also avoids the geometrical 
arguments of Zeno. Ibn Sina's position is that although a 
body is to be considered as indefinitely divisible 
potentially, in actuality the process of division cannot be 
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carried out. Once again, with Dalton's atoms having been 
shown to possess structure by modern Physics, Ibn Sina seems 
to anticipate concepts of modern Physics. 
Space and Time as Conditions of Corporeal Existence: 
Ibn Sina, like the Peripatetics, does not regard space 
as an independent reality but considers space and time as two 
conditions of corporeal manifestation. The question of what 
lies beyond, if the universe is finite, does not arise, 
because there is no space if there is no corporeal 
existence. With the recent developments of quantum 
cosmology as developed by Hawking and Penrose, Ibn Sina seems 
to anticipate concepts of modern Physics. 
As with Aristotle, time is defined by Ibn Sina as the 
measure of motion. He says:" if there is no change and no 
motion there is no time". Like space , time is also a 
condition of corporeal existence. Unlike the Ash'arites, 
however, who believed in an ^atom of time', Ibn Sina regards 
time as a continuous quantity which can be divided 
indefinitely without ever reaching the ^atom of time' so that 
the spatial point as well as the temporal moment do not have 
a real (hagigi) but only an imaginary (tavahhumi) existence 
for him. 
All change due to 'Love': 
In his Peripatetic writings Ibn Sina follows Aristotle 
in explaining motion. An object moves when it is undergoing 
change between potentiality and actuality. A body moves 
because it still has something imperfect in it, and it seeks 
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perfection as a total purpose of the universe. Motion depends 
not only upon the mover and the moved, and time and space, 
but also upon an origin and an end. But his teleology is 
derived from the theory of natural location of the four 
elements. Nevertheless, when one considers the principle for 
the minimization of action in modern Physics where action 
depends on the difference between the kinetic and potential 
energies of the body, and notices that actual motion is 
governed by this principle, one begins to see that the views 
of Ibn Sina were in the right direction for the medieval age 
in which he lived. Indeed, modern physics deals with fields 
as it deals with matter, so that potentials are caused by 
material causes and material charges move when subjected to 
potentials in accordance with the action principle. The fact 
that minimization of action involves the origin and the end 
point both of the trajectory, clearly suggests that modern 
physics is not free of teleology even in its confined world 
of matter and fields. Ibn Sina takes the view that a moving 
body, like a projectile, borrows or receives (istifadah) from 
the mover an inclination (mail) which permits it to move. 
Motion can also be caused by living agents either by direct 
material means or through psychokinesis. Moreover, natural 
motion according to Ibn Sina, is not violent motion. The 
three kinds of causes, psychic, natural and violent can 
impart three kinds of mail but mail of whatever kind is but 
another name, according to Ibn Sina , for the love urhich 
pervades the vhole universe which is therefore a live 
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universe in which all change is due to the love and sympathy 
of things for each other and the love of the Universe for 
God. The relation of the mover to the moved, whether in the 
heavens or in the sublunary region, is either like that of a 
beloved to a lover or of the soul to the body. The heavens 
exemplify both these relations, inasmuch as they are moved by 
the heavenly Souls and by the desire for the Beloved who is 
the Creator. In saying this, Ibn Sina is paying homage to the 
doctrines, techniques and practices of the Sufis^ although he 
was not a practicing Sufi himself, but only intellectualized 
about Sufist ways. 
Unicity of all that exists: 
Ibn Sina, following Aristotle, considers four causes for 
each natural event, namely the efficient {fa' Hi) , the 
material (mad'di), the formal (suri) and the final (gha'i). 
The four causes are interrelated and can be essential or 
accidental, remote or near, particular or universal, and 
potential or actual. Although the Peripatetic analysis of 
causes introduced the intermediate causes whereas in Sunni 
Theology of Islam the finite, immediate causes of things are 
absorbed into the Transcendent Cause so that God is 
considered directly as the Cause of all things, it was the 
underlying intuition of the "unicity of all that exists" in 
the Aristotelian philosophy of Nature that enabled Ibn Sina 
to integrate many of the cosmological elements of the latter 
into his world view, which was , moreover, more readily 
accepted into shia theology of later years. 
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Nature's Purpose is Goodness, Perfection and Harmony: 
According to Ibn Sina, Nature moves all things according 
to natural purpose. The ends and purpose which Nature intends 
are always towards goodness and perfection if obstacles are 
not placed in its way which may be the case because matter 
with its possibilities and potentialities may not come fully 
under the action of Nature. Nature also has the purpose of 
keeping the order, equilibrium, and harmony which govern the 
Universe. All sciences of Nature have for their purpose the 
knowledge of the essence of things in relation to their 
Divine Origin. According to Ibn Sina the study of Nature is 
not just a study of phenomena but a study of phenomena in 
relation to noumena, to establish the relation of Nature to 
Pure Being, that is to God. The acquisition of such knowledge 
depends essentially upon metaphysics and intellectual 
intuition. Ibn Sina would make use of observation, 
experiment, and reasoning in trying to understand Nature but 
that should be in the light of cosmological principles based 
on intellectual intuition, because Pure Being is the ultimate 
origin and principle of all particular beings. For Ibn Sina, 
therefore. Metaphysics should precede Physics, rather than 
the other way around, as with Aristotle. According to him, 
the science urhich derives from reason and the senses finds 
its meaning and legitimacy only in the light of visdom vhich 
lies above the domain of senses as well as that of reason. 
The study of Nature entails the use of senses and reason 
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alongwith their limitations, except that the essence of 
intellectual faculty is above all limitations, and by means 
of it diverse aspects of Nature are reintegrated into a 
universal whole and re-absorbed into Being. 
From Phenomena to Reality: 
We have thus seen that the Ikhwan al-Safa, whose 
cosmological doctrines are shared by many later Sufis, 
approach the study of Nature in order to relate their vision 
of the cosmos to its Divine Origin. Their perspective has 
been identified with the general Shi^ite view and more 
specifically with Isma^ilism. 
Handiwork of God: 
Al-Biruni approaches the study of Nature as a devout 
Muslim who sees the world as a handiwork of God and considers 
the observation and study of Nature as a religious duty. 
Scientia; Sapientia: 
Ibn Sina's works may be divided into an 'official' or 
'exoteric' philosophy and a more hidden or 'esoteric' set 
of doctrines. The exoteric philosophy,which we have 
described above, represents the most masterly expression 
of the philosophy of the Peripatetic school in Islam. He 
considers the science of any object in the universe as the 
science of its being, and a realization of its ontological 
status in the great chain of Being. In his esoteric 
philosophy, all natural phenomena become interiorized within 
the being of the gnostic, and Nature, in this perspective 
provides the background for the gnostic's journey, and the 
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knowledge of it, the means of reaching spiritual 
deliverance. It is a general feature of the works of all the 
Muslim scientists and scholars, including the three we have 
studied above, that they consider the study of Nature not as 
an end in itself but as a means to an end, as a sclentia 
which leads to sapientia, because it is always cultivated in 
the bosom of a wisdom which lies above the purely human 
domain of reason. In this sense the Muslims share their 
belief with the general point of view of medieval science as 
a whole that the coordinate which determines knowledge of 
Nature is ultimately the Divine Intellect and not just the 
mind of man. 
Search for Unicity: 
As for the Muslim search for the unicity in the world, 
the recent success of Abdus Salam in unifying Electromagnetic 
and Weak interactions in Physics can be interpreted as a 
triumph of the age-old Muslim perspective on science of 
Nature which seeks out unity in the world's plurality. One 
could say that such a desire, whether conscious or 
unconscious, for seeking out the unicity of the world was 
responsible also for Albert Einstein's search for a unified 
field theory in Physics because Einstein was a Jew and a 
unicity perspective can be said to hold also for the Jewish 
approach in science. Even though distinguished as 
trinitarian, Christianity can still be described as a great 
monotheistic religion of the world, and the successes of 
Weinberg and Glashow, alongwith Abdus Salam, in unifying the 
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.fundamental forces of nature, in no way contradict the abov 
thesis. Indeed, a unicity approach, albeit with a different 
emphasis, may be found in other cultures also but we will 
not go into details here about that. 
5.6 EUROPEAN VIEWS IN POST-RENAISSANCE AND MODERN TIMES: 
The above muslim thinkers thus sought to reconcile 
natural philosophy with a monotheistic religion. In this 
connection it is noteworthy that many of the European 
students that came to muslim centres of learning from 
Europe were already trained in the Christian churches. The 
existing corpus of learning in which religion and philosophy 
and the science of that day were sought to be reconciled 
was for them of considerable interest and importance. We 
will, however, not go into the details of the transfer from 
about the thirteenth to the sixteenth centuries A.D. that 
slowly took place of the Muslim corpus into the Christian 
world, through Spain and Sicily, by numerous persons, by way 
of Latin translations, and how ideas of the outstanding 
Muslim thinkers of the past were begun to be built upon at 
religious centers and seminaries (and universities that were 
already being established at about that time at many places 
in Europe), and how, in this way, opinions such as those of 
Al-Biruni, Ibn Haytham, Ibn Sina, etc. paved the way for the 
European Renaissance, leading in Mechanics eventually to 
the Newtonian conception of absolute space and absolute 
time (historically arrived at at the University of Cambridge 
in U.K. , a place that was to rank as one of the most 
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important centers of developments in Physics in the world-a 
tradition continued to this day, when during the decade of 
the nineteen seventies four scientists from the Cavendish 
Laboratory at Cambridge won Nobel prizes in Physics in a span 
of less than ten years). Newton was a highly religious man. 
He said that God endures for ever and is present everywhere. 
He must be in absolute space and absolute time, and every 
point of space must be forever, and every indivisible 
moment of duration must be everywhere. This was the 
conception that emerged with the disproof experimentally by 
Galileo of Aristotle's theory of natural location of 
elements, after, that is, the loose idea of imparting 
inclination {mail) of Ibn Sina had been refined into 
properties that had a specific quantitative measure in the 
scheme of things like those of inertia, momentum and 
energy, and after the heliocentric view of the cosmos was 
given a beautiful quantitative description in terms of the 
inverse square law of gravitation combined with the belief 
in a God that was supposed to be eternal and Everywhere. 
It was a conception that was true to the observations made 
and experiments done on the earth, as well as to keeping 
the logical possibilities open for the existence of the 
God of the theologians. In the words of Einstein: 
"The concept of space w^as enriched and 
complicated by Galileo and Newton, in that space 
must be introduced as the independent cause of 
the inertial behavior of bodies if one wishes to 
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give the classical principle of inertia (and 
therevith the classical law of motion) an exact 
meaning. To have realized this fully and clearly 
is in my opinion one of Newton's greatest 
achievements" [Cajori 1934, Jammer 1954]. 
Yet, we know from our discussion of Al Biruni as well 
as Ibn Sina, that they abhorred the idea of infinite 
space and infinite time for they conceived of both in 
relation to substance and change on this earth. 
Aristotelian that Ibn Sina was in these matters to a 
large extent, he disagreed with the atomists like 
Democritus, Lucretius etc., and it was the infinite void 
of the atomists which had helped to provide the basis of 
the Euclidean space, which, in the hands of Newton, became 
absolute space, whereas for time, even Aristotle had thought 
time to be infinite. 
5.6.A. THE ABSOLUTE AND THE RELATIONAL: 
Newton, Leibnitz, Mach's Principle and Einstein: 
We see that behind the notions of the finite and the 
infinite in space and time, hovers the question of whether 
space and time are relational or absolute. The two concepts 
of space involved here are (a) space as positional quality of 
the world of material objects, and (b) space as container of 
all material objects. For Aristotle, space was relational and 
therefore finite. For Ibn Sina, space and time were both 
relational and therefore finite. While for Aristotle time 
and matter were eternal, for Al Biruni they were both 
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created and non-eternal. For Newton, space and time could be 
associated with God and were absolute, but for Ibn Sina they 
were merely conditions for the existence of matter and were 
therefore created along with matter or hyle, whereas God the 
Creator (of everything including time and space) was a 
Transcendental Being, transcending both time and space. 
The most outstanding critic of Newton's idea of absolute 
space at the time of Newton was Leibniz who rejected the idea 
of absolute space, saying that it was introduced without 
sufficient reason and was therefore scientifically useless 
[Alexander 1956]. Then, during the last century, Ernst Mach 
severely criticized the notion of absolute space and 
absolute time of Newton on more or less similar grounds by 
saying that the same were unobservable [Mach I960]. In the 
words of Mach : 
"This absolute time can be measured by 
comparison vith no motion; it has therefore 
neither a practical nor a scientific value; and 
no one is justified in saying that he Knows 
aught about it. It is an idle metaphysical 
conception". 
As regards the notion of absolute space, Mach's words are: 
"Galileo . . quite naively chose the sphere 
of fixed stars as the basis of a fixed system 
of coordinates. (But) doubts were expressed by 
Newton as to whether a given fixed star is at 
rest only apparently or really [Principia 
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1687, p. 11]. This appeared to him to cause the 
difficulty of distinguishing between the true 
(absolute) and apparent (relative) motion. By this 
he was also impelled to set up the conception of 
absolute space... He believed he could prove an 
absolute rotation, though he could not prove any 
absolute translation. By absolute rotation, he 
understood a rotation relative to the fixed 
stars...The natural system of reference is for 
him that which has any uniform motion or 
translation without rotation (relative to the 
sphere of the fixed stars)" [Mach I960]. 
With the advent of the theories of relativity of 
Einstein in this century the shift towards relationism in 
present-day Physics became significant. Einstein showed 
that the whole of physical reality can be represented by a 
four-dimensional field and if the laws of this field are 
in general covariant, that is, are not dependent on a 
particular choice of coordinate system, then the 
introduction of an independent (absolute) space was no 
longer necessary. The spatial character of reality is then 
simply the four-dimensionality of the field. There is then no 
^empty' space, that is, there is no space without a field. 
However, even in 1953 Einstein was himself of the opinion 
that the supplanting of the concept of absolute space was 'a 
process which is probably by no means as yet completed' . As 
pointed out by Grunbaum, Einstein conceived of Mach's 
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Principle to mean that the metrical field given by g^ ^^  m his 
equation be exhaustively determined by properties and 
relations of ponderable matter and energy specified by the 
quantities "^ -v' that is the so called energy-momentum 
tensor. In the words of Grunbaum: 
"..urhen the problem of solving the non-
linear partial differential equations which connect 
the derivatives of the a., and T., uras confronted, 
^ik ik ' 
it became apparent that, far from having been 
exorcised by the General Theory of Relativity, the 
ghost of Newton's absolute space is nothing less 
than a haunting incubus" [Grunbaum 1964]. 
This was so because in order to obtain a solution of 
these equations, it was necessary to supply the boundary 
conditions a^t infinity' but in order to assume, as is done 
in Schwarzchild's solution, that there are certain preferred 
coordinate systems in which the g., have the Lorentz-
Minkowski values at infinity is to violate the Mach's 
Principle in the following two-fold sense, namely (1) the 
boundary conditions at infinity then assume the role of 
Newton's absolute space, since it is not the influence of 
matter that determines what coordinate systems at infinity 
are Galilean ones of special relativity, and (2) instead of 
being the source of the total structure of space-time, 
matter then merely modifies the latter's otherwise 
autonomously flat structure. Einstein tried to avoid this by 
introducing a cosmological constant in his equations but the 
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problem resurfaced when de Sitter showed that the now|7 Z 
modified equations also violated Mach's Principle by allowing 
a universe essentially devoid of matter to have a definitely 
structured space-time. In 1951, the Machian hope of 
subordinating space-time ontologically to matter was 
further dashed when A.H.Taub showed that there are conditions 
under which the unmodified field equations yield curved space 
in the absence of matter. Grunbaum points out that in his 
later years, Einstein, rather than preserve Mach's Principle, 
preferred this retention of Newton's absolute space, thinly 
disguised under new structural trappings, and his reason 
appears to have been that although matter provides the 
epistemological basis for the metrical field, this fact must 
not be held to confer ontological primacy on matter over the 
field, that is matter is merely part of the field rather than 
its source. J.A.Wheeler has articulated the important 
modifications which must be made in the original program of 
Mach's Principle if Mach's ideas are to preserve their 
relevance to the General Theory of Relativity [Wheeler 1962]. 
In Wheeler's view, Mach's Principle can be implemented in the 
General Theory of Relativity in the following drastically 
altered form: if we are given (1) that the three-dimensional 
geometry of space at some given instant and at some closely 
succeeding instant does not extend to infinity and does not 
show infinite curvature, and (2) the distribution of mass and 
mass-flow, then the four-dimensional geometry of space-time 
or "geometrodynamics" and hence the inertial properties of 
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infinitesimal test particles are thereby determined. Foi|'^ 'J 
Wheeler then, the modified form of Mach's Principle simply 
requires ab initio that the universe be spatially closed or 
finite. 
5.6.B. QUANTUM THEORY LEADS TO A FURTHER SHIFT TOWARDS 
RELATIONISM: 
The trend towards relationism was further strengthened 
by the advent of Quantum theory of Heisenberg, Born, 
Schrodingrer and Dirac around the first quarter of this 
century, as philosophized by Bohr, Pauli and others [Jammer 
I960]. More recently, the marriage of General Relativity and 
Quantum Field Theory at the hands of Penrose at Oxford and 
Hawking at Cambridge has relativised time in such a way as to 
make both time and space essentially finite and unbounded 
[Hawking 1993]. This then would seem to strongly reiterate 
the view of Ibn Sina with regard to finitude of space and 
time. There is ample room here also for accommodating the 
existence of Ibn Sina's Transcendental Creator, without in 
any way destroying the work of Penrose and Hawking, 
although these scientists themselves may professedly - not 
have anything necessarily to do with it. As far as time, 
space and the cosmos is concerned the absolutist and the 
relationist points of view seem to alternate in importance 
and acceptability in history so that when modern physics 
offers conceptions such as ^finite and unbounded' this seems 
a significant compromise and a real advance in 
epistemological and conceptual terms. At the same time we are 
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obliged to look more carefully at how, if at all, by a proper 
use of language and thinking we can avoid the terms ^space' 
or ^time' thereby avoiding the error, perhaps, of rendering 
these notions v/lth attributes and properties which may be the 
result merely of shear and fanciful imagination. Indeed we 
will learn that we can use words like ^absolute' in several 
different senses so that if ultimately they refer to our 
understanding rather than to objective reality even this has 
to be somehow made clearer despite the fact that finally, 
whether to treat space and time as absolute or relational may 
ultimately depend on the philosophical dogmas one lives by 
rather than by the nature of some ultimate reality. 
5.7 RELATIONIST CONSTRUALS ( RELATIONIST REDUCTIONISM ): 
In this part of the thesis we will mention the arguments 
advanced by Ian Hinckfuss in his book "The Existence of 
Space and Time" in connection with the problems that arise 
in working out a relationist programme for space and time in 
a contemporaneous sense [Hinckfuss 1975]. We follow the 
presentation closely, reproducing the argument almost 
verbatim at times. For Hinckfuss, relationism implies that 
space and time are relations that hold betveen objects and 
events. It means, therefore, that statements, which refer to 
space and time, can be expressed in terms of statements 
referring to things other than to space and time. By 
absolutism, on the other hand, what is meant is that we 
cannot drop reference to space and time from our statements 
without loss, and that space and time have causal properties 
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in their own right. In this sense, then, Hinckfuss examines 
if relationism as a reductionist programme is viable at 
present, and if so to what extent, and what are its various 
nuances. 
5.7.A. TYPES OF REDUCTION: 
Analytical; Explicatory; Ontological; Theoretical: 
In the philosophical connotation of the word reduction, 
although one statement is replaced by another in which some 
word or concept does not occur, it is also important to 
establish that the two statements are also synonymous. It 
may also be the case that the statement to be reduced may 
mislead because of the way some word occurs in its grammar 
and for this reason the reduced statement may not only be 
synonymous with the statement to be reduced but, in fact, 
preferable to it [Ryle 1953]. A reduction vhich is thus based 
on synonymity and is carried out in either of the above 
senses is called an 'analytical' reduction. For example, the 
statement * Empty space is transparent' is reducible to the 
statement I^f there is nothing in the path of a light ray, 
the ray would proceed unimpeded'. Or, the statement ^There is 
not much space here' where the word^space' occurs as a noun, 
if confused with the statement ^There is not much water here' 
would mislead one to interpret that space is some kind of a 
substance, which is not strictly correct because space is not 
that sort of a thing which we can either absorb, breathe, 
drink or eat as we can a substance. And yet, we know that 
^space' exists, so it must be possible to talk about it in a 
34 
17« 
better way. 
In the second type of reduction, claim for synonymity is 
not made but what is claimed is that the original statement 
was inexplicit and that the reducing statement, vhile doing 
most of the job of the statement to be reduced, is, at the 
same time, more explicit. Such reductions are called 
* explicatory reductions' or just 'explications'. 
The third type of reduction is called 'ontological' 
reduction because the reducing statement avoids a commitment 
as to the existence of an entity like say space, while 
essentially retaining all the rest of the explanatory power 
of the original statement. The existence of the absolutist 
entity may also be ruled out by such a reduction on the 
principle of Occam's Razor, namely that entities should not 
be multiplied beyond necessity. 
A fourth type of reduction is called *theoretical' 
reduction for want of a better name, where it is claimed that 
space, for example, is contingently identical to something 
else. It is noteworthy that 'necessary' and 'contingent' were 
the divisions of things suggested by Ibn Sina for the 
divisions 'actual' and 'potential' suggested by Aristotle. 
Property A is contingently identical to Property B if 
Property A 'happens to be' the same property as Property B, 
as, for example, when we say that 'light' is 'electromagnetic 
radiation of wavelength lying between 4000 and 7000 
Angstroms'. On the other hand, the word 'bachelor', for 
example, is necessarily identical to the phrase 'unmarried 
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marriageable male' , by virtue only of the meanings of the 
expressions used [Presley 1967]. 
5.7.B. RELATIONIST REDUCTION OF THE CONCEPT OF SPACE: 
Armed with these categories of reduction, the 
relationist may take up statements that absolutists usually 
associate as independent properties of space, and try and 
reduce them to statements that do not contain the word 
^space'. Hinckfuss,takes the following as typical examples 
of statements that may imply the notion of an absolute space, 
and tries to see if a reduction of them may be affected in a 
relationist sense. The satatements are: 
-Empty space is a poor conductor. 
-The magnetic permeability of empty space is 4n x 10~ 
henries per meter. 
-The permittivity of empty space is 8.55 x 10' farads per 
meter. 
-The speed of light in empty space is 2.9978 x 10 meters 
per second. 
-Empty space is transparent. 
-When any body moves with respect to another, at least one 
of the bodies is moving with respect to absolute space. 
-The sum of the external forces upon a body is other 
than zero if and only if the body is accelerating with 
respect to absolute space. 
-Space is penetrable. 
-Space is incapable of action. 
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-The parts of space cannot be separated from one another by 
any force, however great. 
-Space is immovably fixed. 
-Space is a continuum of infinitesimal points. 
-Spr JLS infinite, or 
-Space is finite but unbounded, etc. etc. 
Conductivity of Space: 
At first it may be that the statement 'Empty space is a 
poor conductor' might be sought to be reduced by the 
statement 'If there is nothing to conduct electricity, then 
no electricity is conducted' but then this is not quite true 
for it is because of heightened work function of the 
electrodes placed in empty space that conduction of 
electricity is difficult whereas if charges were placed 
between electrodes in empty space they will be transported 
easily. The proper reduction then would involve relationship 
of charged bodies to conductors and when that is suitably 
worked out no mention of empty space would be involved. The 
statement ^Empty space is a poor conductor' is thus reducible 
to statements in which the word ^space' need not occur. 
Permittivity and Permeability of Space: 
As regards the statements about the permittivity and 
magnetic permeability of empty space, and the velocity of 
light in it, it seems at first sight that as permeability can 
be given a certain value depending on the definition of the 
ampere, the permittivity, and therefore the velocity of 
light, in empty space cannot be reduced away because they do 
37 
17y 
have definite values as determined by experiment, so that, on 
the face of it, the relationist programme and Maxwell's 
theory of electromagnetic radiation seem to be 
irreconcilable. But then the assumption of a particular speed 
for light would also be violative of Galilean kinematics 
because the speed should be different for observers with 
different constant speeds with respect to some third body. At 
the same time the Restricted Principle of Relativity says 
that if two bodies are such that neither of them is 
undergoing an accelerated motion, then the course of events 
with respect to one body is determined by exactly the same 
general laws by which the course of events is determined with 
respect to the other body regardless of any relative motion 
between the two [Einstein I960]. It follows that assuming 
Maxwell^s theory, Galilean kinematics and the Restricted 
Principle of Relativity as true at the same time leads to a 
contradiction. A third possibility thus suggests itself that 
rather than giving up the relationist programme or Maxwell^s 
theory of electromagnetic radiation, perhaps it is possible 
to give up Galilean kinematics and save up the two instead. 
In trying simply to implement the relationist programme in 
this case, therefore, we are lead to important and far 
reaching developments in terms of Einstein's Theory of 
Restricted Relativity [Schlipp 1959]. 
Different Notions of Absolute Motion: 
By ^absolute' motion one could mean motion independent 
of the motion of other objects. If we accept that space as 
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such exists and also that space was not like a thing or an 
object, as Newton had done, we could have the situation that 
motion with respect to space was absolute motion. Since 
nothing can move with respect to itself, space itself itrould 
be absolutely at rest, which was how Newton viewed space in 
his principia. For Newton, space was not like an usual object 
because for him space was penetrable yet immovably fixed and 
parts of space could not be separated from one another by any 
force, however great. By allowing the notion of absolute 
motion as motion with respect to space, Newton was seeking to 
reconcile the proposition that there can be motion 
independent of other objects with the apparently 
contradictory proposition that if anything moves, it moves 
with respect to something. His solution was to allour for the 
existence of space but not to treat it like an ordinary 
substance. There can be other ways of talking about absolute 
rest or absolute motion. For Aristotle, if an object was 
causally isolated from other objects, it was at absolute 
rest, because it then lacked efficient cause to move it. In 
the Newtonian way of defining absolute motion or rest, the 
existence of absolute space was supposed. But if ve define 
absolute motion as motion with the same relative speed i/ith 
respect to anything whatsoever, regardless of that thing's 
motion relative to any third thing, the assumption of the 
existence of an absolute space can be avoided and we can 
accomplish a relationist reduction with respect to space as 
an absolute entity but then such a notion of absolute 
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velocity -although allegedly supported by detailed 
experimentation and measurements in the case of the velocity 
of light- nevertheless contradicts the assumptions underlying 
Galilean kinematics which has then to be suitably modified as 
was done by Einstein. 
Absolute Acceleration: 
While motion could only be measured with reference to 
other bodies, with accelerations, forces are involved and 
these forces are often detectable as stresses within the 
bodies themselves. Suppose there is no acceleration with 
respect to other bodies in the universe and yet such forces 
have been detected. Then with respect to the frame of 
reference determined by the fixed stars, Newton's laws would 
not be true because according to Newton's First and Second 
Laws, a body is unaccelerated if and only if the sum of the 
external forces on the body is zero. One could postulate that 
Newton's laws were true in some other frame with respect to 
which fixed stars had an acceleration. For Newton, such a 
frame would be the frame of absolute space. If one wanted to 
avoid such an entity, one could deny that acceleration is 
always with respect to something but then one would have to 
explain what this new notion of absolute acceleration would 
be. Alternately, one could deny (and very plausibly too) that 
our assumption that the acceleration of some bodies are 
detectable in a way quite independently of observation of 
other bodies was true. Again, one could deny that there is 
any frame of reference with respect to which Newtonian 
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dynamics was true, in which case one would have to find somel " i 
other theory of dynamics which would explain all observed 
phenomenon. 
The point that Hinckfuss makes is that many different 
reductions of statements about space, arising from 
considerations of acceleration, are possible. Some of these 
are explicatory reductions, some are theoretical reductions, 
and some are both, while all are attempts at an ontological 
reduction of space. 
Geometry of Space [Measuring Distances]: 
As regards statements about the geometry of space, the 
relationist approach is to replace these with statements 
concerning the geometry of systems for measuring distances 
and for determining straight lines. It is axiomatic in 
Euclidean geometry, for example, that the shortest distance 
between two points defines a straight line, and one way of 
measuring distances is by using rigid rods, etc. This is 
generalized to all kinds of measurements by Bridgeman in his 
operational approach in which laws of physics are not simply 
true or false but rather true of or false of particular sets 
of measurement operations [Bridgeman 1927]. But this would 
mean that instead of there being one Physics there will be an 
infinity of Physics because there will virtually be an 
infinite set of combinations of different measurements 
operations possible. One way to avoid this situation would be 
to impose certain rules or conditions on measurement 
operations. Unless a change becomes necessary, therefore, it 
41 
t 9 3 
may be agreed that distance measurements must not violate a 
particular, geometry, or that measurement operations of 
durations, forces, masses etc. do not violate a particular 
dynamics etc. Karl Popper would think this to be wrong 
because in this way certain theories of Physics would be 
accepted as unfalsifiable and therefore rendered 
unscientific. But as and when such theories are indeed found 
to be replaceable this will bring on a revolution in 
Physics in the Kuhnian sense. 
Topology of Space [Movability and Positioning of Bodies]: 
As for the statements concerning topology or 
dimensionality of space, these can be reduced to statements 
about the physical movement and positioning of bodies with 
respect to one another. This can be generalized to the case 
of statements where space is supposed to have some ubiquitous 
property say ip which causally affects the properties and 
distribution of matter so that only events of type E say are 
now possible. An ontological reduction of a statement such as 
'Space is ijj' would then be possible into an statement like 
'All events are of type E' . The relationist program is 
considered satisfactory if a theory as to why events are of 
type E is available, otherwise there is a sense of loss or 
inadequacy about such relationist reductions. 
Absolute Distances do not imply Absolute Space: 
Hinckhfuss is of the opinion that the position of the 
believers in spatial absolutism is not tenable also when they 
say that the existence of absolute distances entails the 
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existence of absolute space. Among such absolutists today he 
counts Hilary Putnam, whereas he regards Adolf Grunbaum, the 
author of the book 'An Introduction to the Philosophy of 
Space and Time', as a typical relationist in Physics of 
modern times [Cohen and Wartofsky 1968, Grunbaum 1964. 
Baumarin 1963]. Hinckfuss believes that by imposing suitable 
functional restrictions on measurement of length and defining 
the metric carefully, it is possible to allov for the 
existence of 'absolute distances' vithout the necessity of 
assuming the existence of an absolute space. These 
restrictions may be called the axioms of distance measurement 
and may include such principles as the principle of 
independence of reference, the axiom of functionality and the 
extended causal principle of length measurement, etc. 
5.7.C. RELATIONIST REDUCTION OF THE CONCEPT OF TIME: 
Time as Space: 
Even though time is generally thought to be different 
from space, the question of eternity of time i.e. its 
infinity or absoluteness ( and therefore a relationist 
program to see if it is feasible to regard time as related 
to events or changes in the world in such a way that an 
absolute time is not needed ) is no less important than has 
been the case with space. In doing so the relationists have 
tried to see if they cannot liken time to space. As to the 
argument that time is different from space, one would at 
first think that a space-time diagram like (a) below will 
become meaningless if the time and space axes were swapped 
(as done In diagram (b)), because it will amount to saying 
that something is moving forward and backward in time. 
Nevertheless, if our notion of individuation is redefined, it 
is possible to describe (b) as illustration of two bodies 
that run together, fuse and then vanish, whereas diagram (a) 
could represent a car which has been driven away from some 
position and then driven back into that position at a later 
time. The new principle of individuation by which this is 
possible can be stated as follows: 
'If by 'point-instant' ve mean a point in 
space at some particular time, then, given any 
two point-instants vithin an object, there is a 
spatio-temporal curve from one point-instant to ' 
the other, such that every point-instant on the 
curve is within the object, * 
Then the description corresponding to diagram (b) 
does not contradict the statement that an object cannot 
be in two places at the same time or that an object cannot 
move bach and forth in time' [Taylor 1963]. 
1?S 
. V — • 
FlG.(a) Two bodies run togetlicr,fiue, and ll\en vanish FiG(b) A car which has been driven away from some 
position and then driven back into that position 
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This is an example of how what is considered logically 
absurd can be made to look possible, and avenues that were 
closed for research can be opened. 
Several questions arise in the course of accomplishing 
a relationistic reduction of time as it is accomplished for 
space. Can one have an absolute metric of time also without 
having absolute time? Can you talk of 
action-over-a-temporal-interval just as you talk of 
action-at-a-distance? Can you logically have a world 
without any change, a frozen universe as it were? Does it 
follow that state of the universe at any one instant of 
time must determine the state of the universe at all 
subsequent times? Do like causes always produce like effects? 
etc. The relationist's answers are: yes, you can reduce 
absolute time to statements about absolute measurements of 
time if you impose axioms of time measurements in analogy 
with the case for space, such as the principle of 
independence of temporal origin, the axiom of functionality, 
the extended causal principle of time measurement, etc. One 
can also talk about action over a temporal interval, and 
it is also not necessary that the state of the universe at 
any one instant determine the states of the universe for all 
future times. This can be shown by taking models of 
causation that are different from the type normally 
envisaged. For example, consider a two state universe 
with states described by (p, subject to a single law: 
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(P(t) = 0 if 0(t-3) = = 0{t-4) , 
<P{t) = 1 if 0(t-3) = ^ 0(t-4). 
In this universe, history repeats itself every 
fifteen units of time. The history of the universe for 
four units of time prior to any instant is sufficient to 
determine the history of the universe after that instant, 
but the state of the universe at any instant is not 
sufficient to determine the future of the universe from that 
instant. This universe is also causally mnemic so that in 
this universe there will be action over a temporal 
interval. This was also an example of a universe in which 
there was no change at all for a finite amount of time 
(a Frozen Universe). Considering the mechanism of time 
measurements using the carbon dating method, it can be 
surmised as to why it is logically possible that a no-
change or frozen universe can actually exist for finite 
intervals of time, and that it can even be known by 
sentient beings in it that this was so [Smart 1964, Gale 
1968]. 
Topology of Time: 
The question of cyclicity of the universe in time 
involves the consideration of the topology of time. Is it in 
the essence of time to be open-ended, or can we consider the 
possibility of its being closed i.e. having a different 
possible topology. The question cannot be answered either 
using idealizations like Leibniz Principle or by 
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verificationist arguments, but remains an open-ende*-J ' 
question. Other kinds of possible worlds could involve the 
questions : Can there be a universe one half of which is a 
mirror-image of the other? Can a universe be spatially 
repetitive? Can time begin to flow backwards? It is not that 
a relationist would immediately answer ^no' to any of these 
apparently impossible looking universes. In the case of a 
mirror-image universe, for instance, it is argued that an 
effect and its mirror-image counterpart have all their 
monadic and non-spatio-temporal properties in common. 
However, it is not necessary for a relationist to seek to 
reduce all spatio-temporal relations, but rather to reduce 
time and space. The only spatial and temporal relationships 
that one must retain to allow possibility of the above 
universes are the relationships of being 'spatially distant 
from', 'temporally distant from','spatially coincident with' 
and 'temporally coincident with'. It is true that one can, 
for example, say that the statement *B is spatially distant 
from C can be analytically equivalent to saying that B and C 
are in different places or positions, or at different 
points, but then the words ''places','positions' and 'points' 
can be sought to be analytically reduced in these contexts 
using expressions which make no reference to places, 
positions, or points. 
Flow of time; Indexicality of Tenses; The Existential Now: 
Philosophers like Smart, Quine, Reichenbach and Russell 
have proposed a tenseless language in order to avoid the 
47 
illusion that time is something that flows. On the other hand 
other philosophers like Broad, Gale and Prior have opposed 
such moves. A way out of the difficulty is suggested by 
Hinckfuss by way of treating the tenses as purely indexical, 
for then a static situation, as with space, occurs and the 
problem of flow does not arise. 
In order to recognize the importance of the existential 
^now', that is to see if the present moment is possibly 
something special, it can be tentatively highlighted by 
writing it as ^The Present' with the interpretation that the 
expression ^The Present Exists' implies that the present is 
forever with us in an existential sense. The problem of the 
meaning of tense or time flow has been attempted by 
McTaggart in terms of his A- and B-series. The B-series 
events can be called datable events; they never change their 
spatial characteristics nor their temporal relationships to 
other B-events. The B-Series events receive their transitory 
characteristics of being past,present, or future by virtue of 
being coincident momentarily with an A-series event which is 
permanently past, present, or future as the case may be. In 
other words 'the present' of the A-Series can be identified 
with The Present which never changes its state of being 
present. According to Mctaggart, ^time presents itself as a 
movement from earlier to later', if the A-Series is allowed 
to ^slide along' a fixed B-Series. It is emphasized, however, 
that the theory of the The Present is a purely contingent 
theory developed within the context of an indexical 
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interpretation of tenses. Difficulties arise when tenses are 
not used in a purely indexical way as when Moore raises the 
question: H^ow can an event have a characteristic at a time 
at which it isn't?', and the solution offered to the same by 
Prior, namely, that expressions about * events' should be 
reduced to expressions which refer only to objects. 
Ontological presuppositions such as non-indexical use of 
tenses can be exposed using the notions from the Theory of 
the Present as has been done by Hinckfuss in his book. 
As to simultaneity, it is taken as absolute in 
standard tenses discourse, as also in the Theory of The 
Present. If we retain what we mean by distance i.e. retain 
the axioms of space measurement, assume that electromagnetic 
radiation has the same velocity with respect to every 
reference frame and also assume that the restricted principle 
of relativity is true, we have no option but to endorse that 
simultaneity is relative and not absolute, and therefore 
there is no such thing as The Present in the above sense. 
Asymmetry of Time: 
Another theory, apart from the Theory of the Present, 
responsible philosophically for the idea of time flow, is the 
theory that time is fundamentally asymmetrical. One aspect 
of this asymmetry is supposed to be that causes always 
precede effects and therefore there is a sense in which 
earlier and later are qualitatively different. However, a 
little reflection shows that causes are of many kinds and 
often it is difficult to decide between cause and effect. For 
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example, suppose a man A hates another man B and stabs and 
kills him, and even though the stabbing was earlier than 
death, it is not clear if the fact of B's death, rather than 
being the effect, was not in fact the cause of A's stabbing, 
in view of A's avowed hatred for him and A's desire to kill 
him? In other words, even though A's action was earlier than 
B's, one can not qualitatively distinguish between earlier 
and later on the basis of the statement that causes occur 
earlier than effects. 
One also can not claim that past is different from the 
future on the special plea that our knowledge about the past 
is of a different kind from our knowledge of the future, 
because the so-called knowledge about the future may in fact 
be not knowledge of but belief in something to occur. 
It is usually said that Entropy is the ^Arrow of Time'. 
Whereas laws of Physics, given as differential equations, 
generally exhibit time reversal symmetry, it is generally 
claimed that the Second Law of Thermodynamics which states 
that 'Given any causally isolated system of bodies between 
which there is an interchange of heat, the total change in 
entropy is always positive', exhibits temporal asymmetry. 
This is because entropy is defined as quantity of heat 
exchanged, divided by the temperature of the body, and in an 
isolated system, the same quantity of heat flowing from the 
hotter body to the colder body, results in the overall change 
of entropy as being greater than zero. 
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In 1877, Boltzmann suggested an statistid^l) 2 
interpretation of entropy as a measure of disorder at the 
microscopic level of molecules. Rather than saying that in a 
causally closed system, heat always flowed from the hotter 
of the two bodies to the colder of the two, it was said that 
in a causally isolated system it is very much more likely 
that heat will flow from the hotter body to the colder body 
other than the reverse, or that total entropy will increase 
rather than decrease. But, regarding the probabilistic 
interpretation of thermodynamics as establishing temporal 
asymmetry is still considered as flawed by the relationists. 
The reason is, if you wait long enough (ideally for eternity) 
even the most unlikely event will sooner or later occur. If 0 
represents an ordered state, D a disordered state and S a 
mixing of molecules (or shuffling of cards), the following 
two statements are true, but do not describe situations that 
are temporally inverse of each other: 
(1) The odds that D will occur, given that 0 is now 
the case and that S is now about to begin, are great. 
(2) The odds that O will occur, given that D is now 
the case and that S is now about to begin, are small. 
The true temporal inverses of (1) and (2) are 
generated by reversing the tenses of the two statements. 
This yields: 
(3) The odds that D has occurred, given that O is now 
the case and that S has been going on up to now, are great. 
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(4) The odds that 0 has occurred, given that D is now 
the case and that S has been going on up to now, are small. 
If some of these statements seem counter-intuitive, it 
is because epistemic probabilities are different from 
statistical probabilities, but in so far as a disordered 
state is an statistically more likely state, all four of the 
above statements are analytically true and hence can tell us 
nothing about hour one direction of time differs qualitatively 
from the other. 
Outward Flow of Energy: 
It was speculated by Grunbaum and others that our 
consciousness of a ^flow' of time is caused by the entropy 
increase within our body and its branch-systems which 
experience a flow of energy outward. Such flows can be traced 
from smaller to bigger systems until we can say that the 
galaxy itself is radiating outward and is a branch-system of 
a still bigger unit. 
Time Evolution in Quantum Theory: 
The feeling of time flow arising within consciousness 
has been commented upon by Penrose also in terms of a 
threshold of excitation energy of the neurons in the brain, 
beyond which the time-reversible quantum evolution at the 
microscopic level changes to a perception of a time-
asymmetric progression. Speculating further on the time-
asymmetry in radiating galaxies, it was examined by some as 
to whether in an absorbing galaxy, as opposed to the 
radiating galaxy, time will flow in the opposite direction 
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locally for people living on those galaxies. For the 
relationist this would cause no surprise for then 
intrinsically both directions of time, like the directions in 
space, were equivalent. Such a mechanism of reverse flow of 
time was shown to be possible at the black-holes by Hawking 
whose work during the last quarter of a century has given a 
big boost to the relationist programme especially with regard 
to further relativisation of the concept of absolute time. 
Quantum Cosmology; Hawking and Penrose: 
In 1970, Penrose and Hawking published a paper called 
"The Singularities of Gravitational Collapse and Cosmology" 
in which they showed that the classical concept of time must 
have a beginning at a singularity in the past (the Big Bang) 
and that time would come to an end for at least part of the 
spacetime when a star collapsed [Penrose and Ha]/king 1970]. A 
black hole was a type of singularity that occurred when a 
sufficiently massive star underwent a gravitational collapse. 
In 1973, Hawking along with Bardeen and Carter, suggested 
that the area of the event horizon of a black hole and a 
quantity they called its surface gravity behaved much like 
the entropy and temperature of the black hole [Bardeen, 
Carter and Hawking 1973]. In 1977, Hawking along with Gibbons 
showed that de Sitter space had a temperature and" entropy 
like a black hole [Gibbons and Hawking 1977]. In 1983, Hartle 
and Hawking put forward the No Boundary Proposal which 
implied that even though spacetime has boundaries at 
singularities in real Lorentzian time, it has no boundaries 
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in the imaginary direction of time [Hartle and Havhing 1983-j:' 
This also means that the action of the spacetime is well 
defined and the path integral can predict expectation values 
of physical quantities without any assumption about initial 
conditions near the big bang. In 1985 Hawking along with 
Halliwell showed that in the above model he could obtain 
density perturbations that could account for the origin of 
galaxies and all other structure in the universe [Halliwell 
and Hawking 1985]. Hawking extended the implications of this 
work in another paper in 1985 in which he showed that, in 
the above model ,as the universe would have started out in a 
smooth and ordered state and would have evolved to a more 
irregular and disordered state as it expanded, this meant 
that the direction of the expansion of the universe 
corresponded to the Arrow of Time and therefore it was the 
expansion of the universe that was responsible for time 
asymmetry [Hawking 1985a]. In a note in 1992, Hawking further 
showed that on his model, if the universe were to reach a 
point of maximum size and start to recontract, the 
Thermodynamic Arrow would not reverse in the contracting 
phase, as was wrongly assumed earlier [Hawking 1992]. In 
another of his 1992 papers, called ^Chronology Protection 
Conjecture*^, Hawking looked at topology change of the 
universe and examined how closed time-like curves might 
appear in spacetime that did not contain them initially, 
and came to the conclusion that the laws of physics 
conspire to prevent them [Hawking 1992a]. With a cyclic 
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view of time in the universe implying closed time-like 
curves, this rules out the cyclicity of time as applicable to 
his model of the universe. 
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C H A P T E R ( 6 " 
O N R E L I G I O N A N D M O D E R N P H Y S I C S 
6.1 REDUCTIONISM IN PHYSICS AND IN RELIGION : 
Religion, as pointed out by Cartwright [Cartwright 
1983], is a form of reductionism. More often than not, it 
involves explanation in terms of an Omnipotent, Omnipresent, 
Omniscient God. It is a sort of ^Theory of Everything'. 
Such reductionism, especially in an ontological sense, has 
taken varied forms, from the most concrete to the most 
abstract. In Physics, there is a tendency today to explain 
the physical world in terms of a single underlying force 
acting between particles of some basic multiplet. Such was 
the case with, for example, N=8 Supergravity, or the 
heterotic Superstring with its E(8)xE(8) symmetry and a 
multiplet of increasingly massive particles lying on the 
linear Regge trajectory. These were being promoted as the 
ultimate theories of everything. In a recent paper, Taylor 
argues that theories of everything carry seeds of their own 
destruction [Taylor 1993'}. Taylor's argument for non-
viability of theories of everything in modern physics is as 
follows. In the scenario given below, namely: 
2 n s 
Classical Mechanics -> Special Relativity > General 
Relativity —> Superstrings <— Quantum Gauge Field Theory 
Quantum Mechanics —> Quantum Field Theory 
one can talk about causal links between theories of physics, 
just as one can talk of causal explanation for things and 
phenomena so that Superstrings, in the above scenario, can 
be said to constitute the Theory of Everything ( providing 
causal explanation of the rest of the fundamental theories 
of Physics). But such a theory of everything would still not 
be able to explain the ultimate observable particles (the 
underlying fundamental supermultiplet) because even if 
confinement is presently considered valid, there would be 
energies or temperatures in the early universe, above which 
the fundamental supermultiplet would be deconfined, and 
would therefore be rendered observable. The chain may then 
have to be modified to read: 
Superstrings —> T —> T —> ....etc. 
so that either there will always be a theory T to 
explain the theory T , or no such theory might exist, or it 
may be considered impossible to give a general rule of how 
to even arrive at such theories. If, however, the succession 
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of theories in the chain does exist, then, it may be, that 
even as causality is taken to be respected throughout, and 
no recourse is made to any supernatural power, there will 
still be an infinite regression so that each so-called 
theory of everything will sooner or later be destroyed in 
favor of a newer theory. As far as religion is concerned, it 
would appear to be an attempt to terminate the above chain 
by invoking a role for an Omnipotent, Omnipresent, 
Omniscient God (thereby positing the mystery that remains, 
in God, rather than in the Foundations of Physics) . The 
relationship between Physics and Religion seems to revolve 
around the question of ^and or or', because a certain kind 
of causality apparently operates in both fields of human 
endeavor. 
6.2 ATTITUDES: 
The attitude of a physicist towards religious practices 
need not be one of indifference or hostility. My teacher, 
Noble Laureate Sir Neville Mott, in his autobiography titled 
'A Life in Science' , takes the view that a scientist would 
like to practice and inculcate compassion, and he feels this 
can be had through communal worship [Mott 1986]. For Mott, 
religion is not so much a question of truth, as much as a 
question of compassion and of love. * Faith', he quotes an 
anonymous schoolboy as saying, i^s believing what you know 
ain't true!' Religious worship to him is a matter of respect 
for history and what has been written throughout time. The 
2nv 
mere pursuit of philosophical idealism, according to Mott, 
is not religion; on the contrary, such a notion is 
responsible for the failure, as he puts it, of modern-day 
liberalism. The appeal of religion lies in the possibilities 
it offers of communal worship, in a compassionate and 
charitable way of life, and in it's historicity; one can not 
claim to know religion without a consideration of these 
factors. Even the anecdotes of religious texts can be shown 
to have a historical, factual core or basis. For instance, 
salt pillars that resemble a human shape in outline are 
fairly common near the Dead Sea where a cave which has been 
ascribed to Lot has been located. Legend says that Lot's 
wife was turned into a pillar of salt when she disobeyed 
the Lord's command and tried to turn back and look at the 
destruction of Lot's city as she and her husband were 
leaving it to safety. It is now more or less certain that 
the city in question was situated on a geological fault- line 
where colliding geological plates are pressing against each 
other beneath the earth so that all along the fault line a 
great likelihood of disastrous earthquakes looms large. This 
is the same fault-line that runs along the Great Rift Valley 
in Africa so that the destruction of an entire town by a 
severe earthquake in the region in question was a real 
historical possibility, as was the occurrence of pillars 
made of salt in the same region a real geographical one. The 
Biblical narrative is a way in which, in the past, anecdotes 
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about people and places were written so as to paint a 
picture that has its fascination for the followers of 
religion who believe they profit from reading these so that 
the narrative itself need not be so much a matter of truth 
in the scientific sense, as a matter of faith and compassion 
with which to lead one's life. 
Andre Mercier has similar views when he talks about an 
enlightened Complementarity between Philosophic (including 
scientific) and Religious (not including mystic) Thought 
[Mercier 1992]. He identifies God with Symmetry, and 
creation of the world with symmetry-breaking, in the sense 
that creation, according to him, consists in God separating 
World and Time from Himself . 
Mercier decries polytheism in that he says polytheistic 
mythologies all assume such and such imperfection of their 
deities, while in monotheism God is taken as perfect. The 
need then arises to define the relationship between the 
transcendent personal God, and World and Time. Mercier says 
that a trinitarian view appears helpful in elaborating such 
a relationship. Mercier lists several such triadic sets, as, 
for example: 
objective 
science 
mathematics 
truth 
verification 
subjective 
art 
aesthetics 
beauty 
pulchrification 
conjective 
morality 
ethics 
goodness 
beneficence 
sordidness falsification malignity 
Mercier says that such threefold relationships exist in 
Physics as well as in religion, as, for example 
warmth heat entropy 
time momentum space 
and the usual Trinity found in Christianity of the Father, 
Son and the Holy Ghost. 
Mercier is critical of Islam in that Islam treats 
Trinity as rejectable polytheism, thus reverting to radical 
monotheism, devoid, as Mercier says ^of the original Hebraic 
dialogue inaugurated in the Middle Bronze Age, when God is 
said to have ordered Abraham to immolate Isaac and then let 
him free; whence the voice of Allah became for Islam a 
monologue, and the question of Messiah was disposed of, 
since Mohammed was considered the (final) Prophet'. In this 
connection Mercier seems to be unaware of the developments 
in later day Islam wherein the idea of the return of Mehdi 
and even of Jesus was actively believed in by sects of 
Muslims . In any case, Mercier seems to be saying that 
radical monotheism cannot bring out the richness of the 
variety that exists in the relationship between God, World 
and Time, whereas a trinitarian relation is found to do so 
in various fields of knowledge. It was Porphyry, the neo-
Platonist, who had argued against treating Jesus as the 
^Son' of God, and this was several centuries before Mohammed 
came on the scene. That Mohammed chose the option of radical 
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monotheism is undeniable, but it is ipportant to remember 
that the Quran not only mentions the dialogue of Moses with 
God, but: has elevated the occasion of ':he dialogue and the 
immolation of his son by Abraham, to an important annual 
celeberation in the social fabric of practicing Muslinis ( I 
refer here to the annual festival of Eid al Adh'ha) . Islam, 
thereforo^, largely affirms Judaism, as also Christianit;, , 
calling Jesus Roohullah (^ Soul [or Spirit] of God'), and 
also hpnouring the dialogue between God and man (as 
represent;ed i.e. by Moses or Abraham, as above). This can be 
ascertaijied, among other things, from the texts of the Quran 
and the Bible. 
Merqier claims that his idea of a Complementarity 
between Religion and Philosophy was inspired by Niels 
Bohr's Complementarity Principle, and the idea of Trinity, 
as above, was similarly inspired by Newton's Trinitarian 
system of Time, Space and Momentum, in the sense that till 
the idea of momentum was carefully delineated by Newton, it 
was proving impossible to understand motion correctly, 
quantitatively and precisely. 
It may, however, be commented that the idea that some 
numbers enjoy special significance is nothing new in 
philosophy. The Pythagoreans held numbers in esoteric 
esteem. The number four enjoys special significance in 
Aristotelian and neo-Aristotelian philosophies even today. 
More recently,the number eight, as in the eight-fold way 
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(SU3 Symmetry description of particle physics by Cell Mann 
and Neeman during the sixties ), assumed special 
importance. The number seven has been held in special 
significance by many mystic schools of thought such as, for 
example, by Muslim sufis. The number three as the basis of 
trinitarian or triadic considerations in various fields, as 
highlighted by Mercier, has been important in Gnostic, 
Manichean and Plotinean schools of thought which either 
became incorporated in the earliest forms of Pauline 
Christianity or were used later in philosophically 
elaborating upon it as by the neo-Platonists.In this sense, 
therefore, Mercier's views can be characterized as an 
attempt at creating a Christian Physics as part of a larger 
Christian Science, and that would then imply that there is 
an Islamic Science, a Jewish Science, a Hindu Science, and 
so on. This is indeed a widespread phenomenon, and we are 
given to understand that some of the following persons, for 
example, have been associated with promoting rationality in 
Islam, and what has also come to be called today, in line 
with the tone of Mercier's work above, as Islamic Science. 
These people include: Hussain Nasr in U.S.A., Mehdi Gulshani 
and Sabzwari in Iran, Iqbal and Maudoodi in Pakistan, Sir 
Syed, Shah Waliullah, Allama Mashriqui and Sarhindi in 
India, Mohammad Abduh, Hasanal Banna and Syed Qutub in 
Egypt, Syed Naquib al Attas and Osman Bakr in Malayasia, 
Zia Gokulp in Turkey, Malik Bey Nabi in Algeria and Mohammad 
'ill 
Ibnal Wahab in Saudi Arabia, to name but few. The writings 
and/or preachings of these people have also resulted in 
social and political upheavals in many countries, and 
continue to affect millions of people all over the world. 
6.3 ON SCRIPTURES AND IDOLS AS ICONS: 
Charles Sanders Peirce names not only pictures and 
sculptures but literary and scientific works as 
illustrations of icons. An icon can be a material object or 
it can also take the form of a mental image. In pagan 
cultures deities are represented by idols, carved up in the 
image of some supposedly superhuman god or goddess, perhaps 
of animistic or anthropomorphic nature. But suppose a 
scripture or holy book of some more universal or ^higher' 
religion describes in words, what a more ^illiterate' 
culture would only be able to depict in the form of an idol, 
it would, then, in essence, amount to the same thing, to the 
right interpreter. As idol worship is generally considered a 
taboo in some monotheistic religions, while it is considered 
very routine and not-the-least-sacred in some other 
religions like Hinduism { the conflict being a source of 
much misunderstanding, arson and bloodshed in present-day 
Indian polity) it would be worthwhile to examine a bit more 
the iconic theory in the case of a religious scripture 
vis-a-vis the practice of idolatry prevalent, for example, 
in India. 
An icon is a sign and 'a sign' , says Peirce, 'is 
something A which denotes some fact or object B to some 
interpretant thought C . The icon thus has this triadic 
aspect. 
A religious text is more like a work of art than like a 
work of science. Even the work of art, when considered as 
an icon, has an inner relationship between its parts, i.e. 
has logical connectedness. According to Peirce, the literary 
icon is not just terms or sentences but a developed 
conclusion and a sound argument. However, a hypothesis 
created by a poet of genius may be great, but its creation 
can not be classed as scientific, since it produces nothing 
true or false in the scientific sense. More correctly, the 
resolution of the question of truth in art depends on 
whether and how one asks the question of truth or falsity 
with respect to feelings or emotions. An icon is not 
expressive if it does not generate feelings and emotions as 
an effect of its interpretation (emotional interpretant). 
The iconic phenomena thus seem to suggest that we study 
man's religious constructs in the context of the science of 
human behavior. This approach we owe to Herbert Morris, 
according to whom, the interpretant is in a certain 
disposition ( a neuro-physiological process) to respond. An 
interpretant can therefore refer to a habit, but a criterion 
of iconicity in purely behaviorist terms is not satisfactory 
so that the ideal, reflective side of the meaning of the 
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works of art, when viewed as signs, is, in fact, crucially 
important. 
Among the many determinants of value of an icon, 
according to Morris, more than the biological and 
psychological needs of man, it is the social aspects, namely 
culture, tradition, beliefs, economics, social roles etc., 
that are the more important. In other words, the same 
religious text or the same idol may signify different values 
to different people, conditioned as they are by different 
social norms. Peirce, on the other hand, suggests that 
aesthetic value can be universal, and can thus be taken as 
a criterion of truth. We are, therefore, fair in concluding 
that bad works of art (or of literature) , whether in the 
form of an idol or a religious text, are ^false', if they 
fail the aesthetic criterion, i.e. if they fail to evoke an 
acceptable aesthetic response. In order to have an aesthetic 
response, Peirce's recommendation is that one should develop 
a habit of feeling, grown under the influence and process of 
self- and hetero-criticism. It is then possible that icons 
may be different while aesthetics may be one and the same, 
so that iji the limit of a common aesthetics, descriptive 
monotheism, however radical. and pagan idolatry, however 
ill-conceived, may still be brought under a common fold 
through refinement, and thereby sought to be reconciled in 
the interests of peace, prosperity, justice and happiness by 
the tried and tested procedure of ^accentuating the positive 
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and eliminating the negative', 
6.4 ON MAGIC AND SUPERSTITION-. 
Often, magical practices are found in people belonging 
to cults of devil worship. Although some of the religious 
practices may appear on the surface to resemble magic but 
the basic distinction is that the forces invoked in genuine 
religious practices are benign forces whereas in what one 
commonly refers to as ^magic' it may be evil forces that are 
sought to be propitiated. In Islam, for example, Satan or 
Iblees is considered the embodiment of pure evil and the 
greatest enemy of mankind. 
In what follows, however, we will try to examine what 
have been described as the general features of magic and 
how it can be classified for the purpose of objective 
studies. The account has partly been taken from Howard 
Fast's book [Fast 1957]; the words are almost exact. 
In anthropological study, magic is the name given to 
primitive science in the pre-religious era of man's 
development. At this stage of man's progress, magic serves 
the same function as science does today - being essentially 
a means used by primitive man to control or temper natural 
elements, beasts and other men. Surprising as it may seem, 
many experts think that at that time, the mystical and 
religious elements in magic were insignificant; it was 
essentially an aspect of primitive materialism. 
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Magic as practiced by primitive man was extensively 
studied by Lucien Levy-Bruhl (1857-1939), the French 
ethnologist whose sociological views were formed under the 
influence of Emile Durkheim (1858-1917), the positivist 
philosopher who himself was a follower of the founder of 
modern sociology and positivism, Auguste Comte (1798-
1857) . ( It may be of interest here to record that Comte 
turned to sociology from physics and that sociology in 
modern times came to be called at first simply as social 
physics!). Levy-Bruhl maintained that primitive man saw only 
the direct connection between first cause and final effect, 
failing to see the intervening relationships. The primitive 
thinker could not as yet draw a qualitative distinction 
between things, and therefore transferred the properties of 
a phenomenon or thing to any other phenomenon or thing. The 
primitive man regarded such a transfer as immutable 
reality. Magic, as an action associated with the conception 
of a supernatural force, appeared later, when magic-thinking 
coexisted with logic-thinking. 
As civilization developed and the evolution of 
religious thought went on, magic was often found associated 
with practices of religion, and an appreciable body of 
magic-practice survived, in terms of its original purpose, 
as a system that operated independently of the scientific 
method, and, therefore, independently of the laws of cause 
and effect and proof. 
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students of magic reportedly divide it into four 
classes, as given below [Fast 1957]: 
1. Sympathetic Magic: This type of magic rests on the 
proposition that a desired result may be brought to pass by 
mimicking the said result. It also includes the manufacture 
and use of spells. 
2. Divination: This area of magical practice deals 
with obtaining of hidden or secret knowledge. In formal 
magic, necromancy, astrology, augury, divination from the 
entrails of birds, clairvoyance and similar methods were 
used. 
3. Thaumaturgy: This is the name given to wonder 
working, the creation of non-religious miracles through 
alchemy, jugglery, legerdemain and the intercession of genie 
(jinns) and demons. 
4. Incantation: This is the use and chanting of 
magical formulas; the use and delivery of magical power-
words; the magic use of the names of gods or power-beings; 
the use of magic ritual procedures, etc.. 
6.5 ANCIENT GREEK PHYSICS AND PHILOSOPHY AS SOURCES OF 
ISLAM: 
The Ancient Greeks spoke of universal values. Their 
arts and their sciences tried to affirm faith in a humanism 
that did not repudiate the religious foundations of being. 
Says Miller: 'Most intellectual of all the ancient peoples, 
the Greeks were also the most deeply religious' [Miller 
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1947]. Although there is inuch in Greek philosophy whicli, 
being rather more speculative than real, tended more on 
being mythological, yet in its overall aspect, one finds 
that Ancient Greek Physics and Philosophy serve as 
important sources of latter-day historic religions like 
Islam (as also other similar religions ). 
I tried to take a bird's eye view of Islam from the 
above point of view, and this is what I found. The 
quotations are almost all taken from [Bogomolov 1985]. 
The word ^Islam' means submission to the will of Allah 
or fate. The Ancient Greek Philosophy of the Stoics (4th-6th 
century B.C.) preached very similar views. According to the 
Stoics 'fate leads the grilling and drags the unvilling' . The 
true stoic is described as a person who is resigned to fate 
with courage and dignity, understanding the hopelessness of 
any resistance. The highest good for the Stoics was (to 
quote) 'life in agreement with nature...which is the same as 
a virtuous life, virtue being the goal towards which nature 
guides us' . The stoics also taught that the wise man will 
take part in politics or worldly struggle for power (and not 
turn into a recluse) since by this he will be able to 
restrain vice and promote virtue. 
The Pythagoreans (6th century B.C.) were preaching 
even earlier that supreme power belongs to God. Speaking of 
Pythagoreans, Aristoxenus says 'Every distinction they lay 
down as to what should be done or not done aims at 
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conformity with the divine. This is their, starting point*;?*" 
their whole life is ordered with a view to following God, 
and it is the governing principle of their philosophy'. The 
Pythagorean system of ' acusmata' or ^sayings' is 
anticipatory of the system of prophet's ^sayings' or 
'hadith' in Islam. Furthermore, for the Pythagoreans it was 
prescribed, for example, not to steer the fire with a knife, 
not to sit on a bushel-measure, not to roll up one's bed 
clothes and smooth out the imprint of the body, not to rub 
out the mark of a pot in the ashes, not to wash the left 
foot first, etc. These prescriptions seem similar in type 
and nature to the Islamic system of 'sunna'. 
The Eleatic school from Parmenides to Melissus preached 
pantheism or ideas of an immanent god. Pantheistic ideas 
were popularized in Central Asia and India by Muslim sufis 
and poets in the middle ages. 
Anaxagoras of Clazomenae (c500-428 B.C.) conceived of a 
Cosmic Mind to explain the origin of motion. He has been 
called the first among the Greek Deists. In Islam the one 
and only God, namely Allah, is conceived of as being truly 
cosmic ('vasi-a kursiyahu samavaat-e val ardh', meaning 'Kls 
citadel spans [all] the heavens and the earth'), while He is 
conceived of as being Aleemun ('All Knowing'), Sammeeun 
{'All Hearing') and Baseerun {'All Seeing') etc., as also 
being Badee us samaavaat-e val ardh {'Originator [or 
Starter] of the heavens and the earth' ) . The similarities 
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are quite striking. 
Socrates, as described by Plato, argues for mysticism, 
believing in divine will. In one of his famous dialogues he 
says 'It is enough then, Crito. Let us fulfill the vill of 
God and follow whither He leads'. The Muslim concept of 
tawakhul (^ reliance on Allah') and the Muslim prayer to God 
'ihdinas siraatal mustaqueem' ('lead us on the righteous 
path') embody similar connotations. 
Plato (427-347 B.C.) developed his theory of Form and 
Matter (or of Ideas as distinct from things), from which he 
developed a cosmogony and a cosmology. According to him the 
world of ideas is eternal and immutable. Reason is depicted 
as the demiurge, or the creator of the cosmos, including all 
things (the word demiurge in Greek denoted a skilful artisan 
engaged in manual labour). This is similar to the Quranic 
description of Allah as Musavvir {'the Artist') and as 
Khallakhul Azeem ('the Supreme Creator'). According to 
Plato, the demiurge also creates the world's soul as well as 
seperate souls and implants them appropriately. The soul, 
according to Plato, was immortal, and the doctrine of soul's 
immortality was used by Plato as the foundation of his 
ethical theory. According to him, after a person dies, his 
or her soul sets off to a place of judgment, and then to its 
habitation. Threatening wrong doers with punishment and 
promising rewards to good people in the next world, he tries 
to induce people into the ways of the righteousness. This is 
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very similar to the Islamic concepts of jannat (literally 921 
'garden' but meaning 'heaven') and jahannum •('hell') where 
the resurrected persons will be sent after yaum al quiyama 
(literally the day when everything will ^stand up', that is 
when ^the game, as it were, will be over' and the world will 
come to an end), also known as yaumul aakhira or yaumud din 
{'the Day of the Lasting Life' or 'the Day when Truth about 
Religion vill become obvious' or 'the Day of Judgement') 
etc., warning that wrongdoers will go to hell which is a 
place of great suffering, and the righteous will go to 
heaven which is a place of great joy and merriment, where 
they will remain, in their respective abodes, forever 
(khalidoona fiha abada). 
Aristotle ( 384-322 B.C.) attributed the origin of 
religious beliefs to the orderliness of celestial motions. 
Truth, according to Aristotle, resides in the world around 
us and can be sought by observing living nature. The Quran 
has a similar theme. Afalum yanzaroona Hal ibli kaifa 
khulikhat, va Has samaai kaifa rufiat, va Hal ardhi kaifa 
sutihat, fazakkir.. ('Do they not look at the camel as to hov 
it is created, or at the sky as to hour it is lifted [so 
high] , or at the earth as to hour it is spread [in plains], 
then recite (the praises of your Lord)...'). Nothing in the 
world, Aristotle says, is made without a purpose and 
everything in the world converges towards one goal 
(Teleology). From this Aristotle deduced the existence of 
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the Universe. The Quran has a similar message to give: ^Wa ma 
khalakhnas samaa val ardha va ma bainahuma batila' {'And We 
did not create the heavens and the earth and all that is in 
between [them] without a purpose [i.e. devoid of wisdom]'). 
Or, ^khalaqas samavaat-e wal ardha bil haqqi wa sawwarahum fa 
ahsana sawwarakum wa ilaihil maseer'{'[He] created the 
heavens and the earth rightfully (justly), and gave you a 
form that is the best of forms, and to Him is the return 
[journey of all]'). 
According to Aristotle, a natural body is not just a 
combination of homeomers or atoms, i.e. the whole is not 
reducible to the sum of its parts, because it is 
qualitatively transformed due to its own form or entelechy. 
Natural bodies of animals and plants are instruments of the 
higher soul and exist for its sake. Cognition is the 
activity of the sensitive and rational souls. Sensation is a 
power of receiving form without matter. The mind has two 
aspects: receptive reason, which is matter and potentiality, 
and creative reason, which is form, actuality, entelechy. 
Creative reason, whose object and content are forms alone, 
is not only free and independent of real objects, it 
precedes them logically. Creative reason ^creates' objects 
by ^thinking' them. The world is the creation of God as His 
Thought. Moreover, God Himself is Thought of Thought. Here, 
one can point to the Quranic description of God as Aleemun 
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Hakeein {'All Knowing, Wise'). God's creative powdr^«J 
according to the Quran, is given in the following words: 
^ innama amruhu iza arada shaian ayin yaqoola latiu kun 
fayahun' (meaning 'His vay is that when He intends a thing 
to happen He [just] tells it to be, and it happens') and ^wa 
hua bikulli khalquin aleem' (meaning 'and He knows [how] the 
creation of everything [is done]').The Quran says whereas 
God is creator of all things and He is Ghani {'Not dependent 
[on anything]' ) , everything else yearns to give its praises 
and homage to Him, and that God is khabeer {' [fully] 
Informed [of everything]' ) .Thus a kind of ontological 
hierarchy is suggested both in the Aristotelian philosophy 
and in Islam wherein God creates everything but is not 
Himself created by anything in turn. However, while 
Aristotle describes place or space in relational terms, he 
links time with soul or God and also implies that motion and 
time cannot be separated. Moreover, and this became a 
central dogma of modern-day dialectic materialists, 
Aristotle seems to imply that matter and motion cannot be 
separated, just as for example he says that the matter with 
which the celestial spheres and celestial bodies are made, 
namely ether, is uncreated, indestructible and unchangeable. 
On this point the Quran appears to overrule Aristotle and 
believing as it does in radical monotheism it consistently 
denies any other thing the attributes that it considers 
belong only to God such as being uncreated, indestructible, 
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unchangeable, etc. 
Aristotle advanced the doctrine of the golden mean. For 
him virtue is the state of character concerned with choice 
lying in the mean. Aristotle also defines justice as a mean 
between two extremes. His words are 'the just is 
intermediate and unjust is what violates the proportion' . As 
for what lies in the mean, his answer is that 
'this. .[is].. determined by a rational principle and by that 
principle by which the man of practical wisdom would 
determine it' . This is similar to the Quranic aim to create 
ummat-e wusta i.e. a nation that relies on the principle of 
the golden mean. 
According to Aristotle, the state is the entelechy of 
society. A state should be a community of equals aiming at 
the best possible life and to attain this goal the citizens 
must exercise virtue and study the arts that go with 
pleasure, as well as enjoy wealth, power and good health, 
and promote social justice and courage. In Islam, it is 
emphasized that there is no superiority on the basis of 
race, or colour of one's skin, or geographical origin, but 
that the citizens are all equal, the only hierarchy that 
exists must be on the basis of taqwa (i.e. 'fear of god' 
meaning thereby virtue and goodness). Then again, the Quran 
says that God wishes people to be prosperous and happy and 
enjoy good things of life; while it is Satan who desires 
that people suffer in deprivation and poverty. Muslims 
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should thankfully accept the good things of life as gift^^') 
from God and try to lead virtuous lives, 
Aristotle stressed the need for generosity, exhorting 
the rich to help the poor. In the Quran, believers are asked 
to help the poor among relatives (zil quraha), the 
destitutes (masakeen), orphans ( ural yatama) and the 
wayfarers (va ibnas sabil) i.e. the needy and the deserving. 
According to Aristotle, slavery exists ^by nature'. 
There can be no friendship with a slave as such, but a slave 
can be a friend in so far he is a man. In Islam, freeing a 
slave is great virtue (fakku rakhabatin) but slavery was 
considered inevitable so that slave girls could be 
cohabitated with and war victories brought in slaves as the 
early history of Islam also clearly shows. Yet there was a 
constant reminder that freeing the slave was a great virtue 
in the sight of God. 
Eudemus of Rhodes was a prominent pupil of Aristotle. A 
man, according to him, must look for guidance to God in a 
manner a slave looks for orders to his master. The same idea 
is reflected in the Quranic concept of abd (or slave of 
God) . 
The Cynics {5th-3rd centuries B.C.) not only asserted 
the existence of only one God (the world's mind), regarding 
all other gods as the product of custom, they also 
resolutely came out against wealth, luxury and extravagance, 
preaching simple living and moderate toil conducive to the 
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peace of mind and to the strength of the body and soul and 
honest poverty. Cynicism had a strong and lasting appeal for 
the oppressed classes. Islam preaches radical monotheism ( 
Allahun ilahun vaabid, la ilaha illal laahu, wahdahu, la 
shareeka lahu, meaning 'Allah is the one god, the One and 
Only, of urhom there is none vho is an associate' ) . It 
decries the boastful and the pompous {Innallaaha la yuhibbu 
kulle mukhtalan fakhoora meaning 'Verily Allah does not love 
any of the pompous and boastful'). The Quranic chapter 
'Takaasur' {'Wordly Gain') warns against greed of wealth and 
pleasure, while the chapter 'Tauheed'(^Unity') extols the 
Oneness of God. Taqhva, that is living in fear of God, is 
considered a great virtue in Islam. The story of the Pharoah 
(Ramases II, the Pharoah of Egypt, at the time of Moses), 
who lived in pomp and boast but was destroyed, is an oft-
repeating feature in Quran, as when it says Alam tara kaifa 
fa'aala rabbuka bi Aad, Irama zaatil imaad, va Firauna zil 
autaad, allazeena taghao fil bilaad etc. ('Do you not see 
hour your Lord dealt vith the people of Gomorrah, or with the 
people of Iram, vho built [huge] houses on [high] pillars, 
or with Pharoah, the haughty one, for they [had all] 
transgressed on this earth,..'etc.). 
Epicurus (5th century B.C.) taught of freedom from 
sorrow and fear, and attainment of inner peace ( i.e. 
ataraxia ) . This is similar to the Quranic description of 
believers as having no fear and no sorrow ( la khaofun 
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alaihim vala hum yabzanoon), and the description of the 
person qualifying to enter heaven as the one endowed with 
inner peace (nafsul mutmainna). 
As to the attitude of the Quran to philosophers, the 
Quran talks of them on several occasions and calls them 
ulul albaab or the wise ones. It, at the same time, does not 
hesitate in exhorting them to remember that without fear of 
God and performance of good deeds, their philosophies would 
need to be modified. 
In assessing the impact and influence of Greek 
Philosophy on Islam, it may be fair to say that the concept 
of God, instead of remaining confined to a few philosophers 
only, got presented by way of Islam to the whole world, so 
that everyone was now invited to share in the delight 
obtained by contemplating on God. 
It may be of interest to note here that according to 
Abul Kalam Azad, Indian philosophy had historically preceded 
Greek Philosophy and there is some evidence to suggest that 
philosophers like Democritus had travelled to India. 
However, Sanatana Dharma, commonly called Hinduism, seems to 
have evolved in a differetwt way, but Sanatana Dharma has the 
same type of ingredients AS Islam. There is a saying that 
the prophet of Islam had said that God had sent 1,80,000 
prophets to the world. Some people believe that Krishna was 
such a messenger of God. These people include Hasrat Mohani, 
Abdur Rehman Bijnori and Malak Ismail Khan among others. The 
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Quran itself exhorts Muslims to study the wisdom of the 
ancients and asserts that it has come to affirm the truth 
brought by earlier prophets, and as contained in the books 
of wisdom. According to the Quran, the world system is based 
on cause and effect, which is also the basis of most 
religions and philosophies. 
6.6 THE DIFFICULTIES FOR ISLAM: 
There are several issues on which the views of orthodox 
religion are at odds with modern science including physics. 
As an example, one could look at the arguments on the 
following four issues in Islam. Similar difficulties would 
arise in the case of other religions also. The four topics 
are: 
(1) The Account of the Creation of the Universe 
(2) The Age of Prophet Noah 
(3) Explanation offered for the Phenomenon of the so-
called ^Shooting Stars' 
(4) The Description of the Universe as Seven-Heavened. 
The Account of the Creation of the Universe : 
According to both the Old Testament [Holy Bible 1^61] 
and the Quran [Quran 1980] the Earth and the Heavens (Skies) 
were created in six days. There are several verses to this 
effect in the Quran, which to the orthodoxy in Islam is the 
word of Allah himself and therefore cannot be but 100% true. 
A typical one of these verses would, for example, read as 
follows, viz.: 
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Your Lord is Allah, who in six days created the 
heavens and the earth and then established Himself 
on the Throne [The Quran, verse 7-54 ]. 
Identical or similar verses can be found at numerous 
places in the Quran, as, for example, when we read: 
Your Lord is Allah, urho in six days created 
the heavens and the earth and then established 
Himself on the throne, regulating all things [The 
Quran, verse 10-3 ]. 
He it is vho made the heavens and the earth in 
six days. . . .[The Quran, verse 11-7 ]. 
He it is urho in six days created the heavens 
and the earth and all that lies between them...[The 
Quran, verse 25-59 ]. 
It was Allah who in six days created the 
heavens and the earth and all that lies between 
them. . . [The Quran, verse 32-4 ]. 
In six days We created the heavens and the 
earth and all that lies between them. . . [The Quran, 
verse 50-38 ]. 
He created the heavens and the earth in six 
days. . . [The Quran, verse 57-4 ]. 
A similar account of a six-days creation of the 
universe is to be found in Chapter (1) of the First Book of 
Moses, called Genesis, in the Old Testament part of the 
Bible. Thus, Chapter (1) of Genesis, describing the various 
26 
23i) 
activities during the creation of the universe, finally ends 
with the words: 
And the evening and the morning were the sixth day 
while the immediately next chapter viz.: Chapter (2) begins 
with the words: 
Thus the heavens and the earth were finished 
and all the host of them, 
and continues: 
And on the seventh day God ended his worh. which 
he had made, and he rested on the seventh day from 
all his work which he had made. 
and so on. 
On the other hand, a possible scenario according to 
modern science is as follows [Ansari 1983, Zhi and Xian 
1989]. The universe is finite and unbounded. Being (including 
time) came from nonbeing [Vilenken 1982]. Physical laws and 
universal constants are tuned so that homo sapiens arose at 
about this epoch in earth's history so that they could 
comprehend what is comprehensible [Ansari 1975, Hokkyo 1982]. 
The expansion of the universe started at about 20 billion 
years ago with a big bang, and electrons and protons emerged 
from photons and neutrinos etc. [Kimble 1982]. As the 
universe cooled, light and then heavy atoms were formed. The 
force of gravity made possible the formation of proto-stars, 
stars, galaxies and clusters of galaxies. On high 
gravitational compression the temperature of a star can rise 
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up to a level where thermonuclear processes can occur. These 
processes are responsible for nucleosynthesis and lead to 
further evolution of stars, and result also in cataclysmic 
explosions such as supernova [Chandrasekhar 1984]. The sun is 
a star, and is also in a certain stage of evolution. The 
formation of planets, including that of the earth is also due 
to accretion of matter particles, not unlike the development 
of the sun. As presently understood, the earth has existed 
for about 4.5 billion years, while living organisms 
originated on the earth about 3.5 billion years ago 
[Wooldridge 1966]. The primitive atmosphere of the earth was 
a reducing atmosphere. The present day oxidative atmosphere 
of the earth is understood to be of biogenic photosynthetic 
origin. Organic compounds formed under reducing conditions in 
the presence of energy sources. The first stage of pre-biotic 
evolution was the synthesis of monomeric organic compounds 
under far-from-equilibrium conditions. The next stage must 
have involved polymerization and polycondensation of 
monomers, the formation of polypeptide and polynucleotide 
chains. These primary polymers could form themselves into 
micro spheres or coacervates, giving rise to 
compartmentation. At about that time a catalytic interaction 
must have taken place between polynucleotide and polypeptide 
systems, and the switch to biological evolution is probably 
associated with the origin of a genetic code. Man can be said 
to have existed on this earth only during the last 3-4 
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million years [Kamshilov 1976, Volhenstein 1983]. In view of 
all this, it seems highly improper and very unscientific to 
say that all this was created in six days. By May' one 
cannot take to mean a ^stage' by any means, nor is it proper 
or correct to talk of only six stages in this connection. 
Votaries of Islamic Science would perhaps point out that 
the Quran, in talking about the Day of Judgment says that it 
will be a day whose duration will be a thousand years by 
human reckoning (verse 32-5), or, elsewhere talking of the 
ascent of angels etc. as Mne day, the measure of which is 
fifty thousand years' {verse 70-4). As the Special Theory of 
Relativity already allows for time dilations depending only 
on relative velocities, it follows that when you talk of six 
days, then, in a relative sense, it could mean just about 
anything. Moreover, when we talk of a day, then what can we, 
who are here now, take to mean by a day of the remote time 
corresponding to the beginning of the universe when even the 
earth was not there. How far, one may further ask, are these 
cosmological extrapolations justified? One can go on and ask 
how far is the axiomatic basis of the Theory of Relativity 
itself ^rational' or ^logical'? 
On the use of mathematical modeling of the universe, the 
votary of Islamic Science might invoke arguments based on 
Kurt Godel's proof. Broadly speaking, according to Godel, a 
set of mathematical axioms can not be consistent and complete 
at the same time; that is to say that if it is complete then 
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it will not be consistent and if it is consistent then -'rt" 
will not be complete. Mathematics provides the logical syntax 
of Physics and because mathematical deductions constitute 
tautologies, therefore the truth or falsehood of physical 
theories would depend rather fundamentally on the logical 
truth or falsehood of axioms on which the theories rest, and 
about axioms, Godel's theorem seems to say that they cannot 
be complete and consistent at the same time! 
One might also question the correctness of mathematical 
reasoning devoid of any chance of direct empirical 
verification of the actual system under investigation. For 
the early universe, this may never be possible. In order to 
make his point, the votary of Islamic Science adduces the 
following humorous situation. Suppose that a man, working by 
himself, can build one house in six months, then, by the so-
called Method of Unity, it should be possible, for example, 
for about fifteen and a half million people to build that 
same house in something like one second; but does that 
^actually' happen? Is it not so that Reality can neither be 
described by mathematics alone, nor indeed by Physics alone 
but that we are always trying to make approximate models of 
Reality and then trying to find out the limits in which 
these appear to be true. Alternately, one may say that Truth 
and Reality would be taken to mean something by religion, 
something else by mathematics, and something still else by 
physics and so on; and, in fact, like Truth, methods of 
30 
Z2i 
verification of this Truth may also be different for these 
different disciplines. 
The Age of Prophet Noah: 
The Quran says: 
We sent forth Noah to his people and he dwelt 
amongst them for one thousand years less fifty [The 
Quran, verse 29-14]. 
In Chapter (IX) of Genesis in the Old Testament we find, 
similarly: 
And all the days of Noah were nine hundred and 
fifty years; and he died [The Bible, Genesis, verse 
9-29]. 
The Old Testament gives ages of about the order of a 
thousand years each to Adam, Noah etc. [The Bible, Genesis, 
verses 5-5,8,11,14,17,20, 27]. Family trees are also given, 
along with individuals' ages. By putting together the ages 
and family trees thus, the creation of the universe itself 
should have occurred only about 5-6 thousand years ago from 
now. However, there is no evidence of ages of the order of 
about a thousand years for human beings from paleozoology or 
ancient biology and the physiological structure of homo 
sapiens also rules out this possibility for now as well as 
for the past. Man did not come into existence merely five or 
six thousand years ago. It can, perhaps, be believed that a 
particular kind of civilised living started five to six 
thousand years ago but it is not correct to say that it is 
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the age of the coining into being of the first man on' 
this earth. Nor is it clear that like the Pharoahs of Egypt, 
or the Dalai Lamas of Tibet, Noah was the name, not of a 
single individual, but of a designation or post. The way the 
Quran speaks of Noah, it could only mean a particular 
individual only. The only defence, it would appear, for the 
votary of Islamic Science here is to say that many, if not 
all, of the Quranic descriptions are more allegorical, or 
figurative, than literal, but would that satisfy the so-
called fundamentalists? Even conceding that there is some 
history or pre-history and not just pure mythology in all 
this, the most that can be conceded in this respect is to 
say that these accounts of that history .are the earliest 
conscious thoughts based largely on guesses born out of the 
extremely precarious and mentally primitive states of the 
mind of the earliest human beings, and if today one keeps on 
preserving these accounts, it is in deference to one's hoary 
past, as an example of how human beings thought about these 
things thousands of years ago, and from what route the ideas 
of modern times have evolved, for, ultimately, going back 
still further in the past, have we not ourselves evolved over 
billions of years from the most primitive forms of life? 
Explanation offered for the Phenomenon of the so-called 
'Shooting Stars' 
Nowhere than in connection with meteoroids or ^shooting 
stars', it seems to me, is the comparison so clearcut between 
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the explanations offered by the Quran, and that offered "by 
modern science for the same physical phenomenon. 
The Quran mentions shahaab-e saquih (^shooting star')at 
several places. The explanation it provides is that devils 
try to eavesdrop on God but are chased away by fiery 
missiles. This is so, for example, in the following verses of 
the Quran : 
And (thus the devils) cannot listen to the 
Exalted Assembly but are pelted from every side. 
Theirs is a perpetual torment; except him w^ho 
snatches away something and gets pursued by a 
shining flame [The Quran, verse 37-10]. 
We have adorned the lowest heaven with lamps, 
missiles for pelting devils. We have prepared a 
scourge of flame for these [The Quran, verse 57-5 ]. 
(The Jinn also said) 'We made our way to high 
heaven and found it filled with mighty wardens and 
fiery comets. We sat eavesdropping, ' but 
eavesdroppers find flaming darts in wait for them' 
[The Quran, verse 72-9 ]. 
It seems that the phenomenon of ^shooting stars' was a 
veritable mystery for the Arabs. This is all the more 
credible because it is well known that haji—e aswad or the 
^black stone', which has been incorporated near an edge in 
* 
the building of the Kaaba (or the ^cube'), has been one of 
the most revered and mysterious of objects for the Arabs 
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* The Kaaba is the cubical building designated as Baitullah 
{'House of God') in Islam, towards which Muslims turn their 
faces at the time of prayers, wherever they may be in the 
world. 
During the annual Hajj pilgrimage, it is a part of the 
perambulation ceremony round the Kaaba that every Muslim 
tries to kiss this black stone. Yet, there is every 
likelihood, as someone has suggested, that this black stone 
was nothing other than the remaining piece of a meteorite 
that must have fallen from the sky, and, as usually happens, 
became an object of veneration for the mystified people of 
the desert. Thereafter, this veneration was suitably 
continued in the name also of Islam. 
As is well known, in actual fact, innumerable meteors 
enter and get burnt in the earth's atmosphere daily and only 
a few of the bigger ones amongst these are bright enough to 
become visible under suitable circumstances. Man-made 
satellites and rockets can, upon entering the atmosphere from 
outer space, similarly get hot by friction and even burn and 
glow, just as do the falling meteoroids. The phenomenon can 
be reproduced on a smaller scale in a laboratory on earth, 
thereby illustrating that there is nothing esoteric about 
such a simple physical phenomenon as production of heat by of 
34 
friction, which is, therefore, a controllable act and has 
nothing whatsoever to do with devils etc.. This example, 
thus, brings out very clearly the contrast between the nature 
of the ^truth' as preached by religious texts, and as stated 
by science . 
The Description of the Universe as seven-heavened 
At several places, the Quran mentions seven heavens or 
skies (samavaat), as, for example, in the following verses: 
He created for you all that the earth contains, 
then ascending to the sky, fashioned it into seven 
heavens [The Quran, verse 2-29 ]. 
We have created seven ways (heavens) above you 
[The Quran, verse 23-17]. 
In two days. He ordered them seven heavens and 
to each heaven He assigned its tasks [The Quran, 
verse 41-12]. 
He created seven heavens, one above the other 
[The Quran, verse 67-3 ]. 
He created the seven heavens one above the 
other, placing in them the moon as a light and the 
sun as a lantern [The Quran, verse 71-15], 
We built above you seven mighty heavens...[The 
Quran, verse 78-12]. 
It is implied that by universe one means the earth, 
seven heavens and all that lies between these. The 
propagation of the Quran started in the seventh century A.D.. 
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Almost a thousand years before that, during fourth century 
B.C. already, a dominant view prevailing in Greek Cosmology, 
as we have seen above already, was that around the earth 
there were several spherical ^heavens' or celestial spheres. 
Of these, every *heaven' or ^sky' was characterized as the 
pathway for some planet or the moon or the sun. The earth 
was considered to be the center of the universe, with the 
moon moving round the earth on one sky, the sun on another 
sky, and on yet another sky some other planet, and so on, 
till the farthest sky, which was the sky of the so-called 
^fixed stars'. After only about one thousand years of the 
start of the preaching of the Quran, was it possible to know 
for a degree of certainty that the center of the universe is 
not the earth at all, but that, locally speaking, only the 
moon is actually revolving round the earth, while the 
planets, along with their respective moons if any, were all 
revolving round the sun. These planets of the sun, it was 
found later, were not seven but nine or ten in number. Not 
only this, but according to present-day astronomy and 
cosmology, in our galaxy or milky way there are billions of 
suns like our sun, and in the universe as a whole, there are 
millions of galaxies which are all more or less of the same 
average size, and the mutual distances between these galaxies 
are of the same order as their sizes [Narlikar 1978]. In this 
way, as far as one can see, there spreads out a succession of 
galaxies all around us, which presents the picture of a 
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progressively and continuously expanding universe. Under 
these circumstances, who can place one's faith in the 
objective existence of the seven heavens, when even this is 
known that the blue color of the sky, as seen from the earth, 
is merely the optical result of the scattering of sun's light 
from the particles of the atmosphere, and that there is 
nothing called a heaven or a sky in the sense of a 
transparent celestial sphere that rotates round the earth, as 
was naively envisaged by the ancients [Rossi 1962]. The 
theory of seven heavens is as superficial as was some of the 
Ancient Greek Physics, or the latter day Arab Alchemy, and it 
bears no relation to objective reality as is known today. 
The votary of Islamic Science would say that the mention 
of seven heavens in the Quran is, once again, merely an 
example of a figurative way of speaking. As the idea of the 
Quran was to convey a certain moral message to a people, the 
language and the concepts used were such as to convey certain 
meanings to the peoples of that age and location. It is 
already acknowledged that by earth, seven heavens and all 
that lies between them, it was generally taken to mean the 
whole of the observable universe at that time, so that if, in 
a manner of speaking, one takes seven heavens to mean the 
whole observable system of the moon, the sun and other stars 
and planets etc., then one would find the Quranic admonitions 
to be full of meaning, astonishment and unending interest as 
to how this farthest reaching universe is spread out and 
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shines forth before us in all directions. 
Against the above criticisms the Quran appears to have 
several built-in defenses. For example, in the very 
beginning, it claims that 
This book. . . is a guide to the righteous vho 
have faith in the unseen [The Quran,, verses 2-2,3]. 
It then goes on to elaborate that 
Allah alone has knowledge of vhat is unseen in 
the heavens and in the earth [The Quran, verse 
11-123]. 
and that 
He (i.e. Allah) is knourer of the unseen and the 
seen [The Quran, verse 13-9 ]. 
At another place in the Quran, the prophet is made to say: 
I do not tell you that I ... know the unseen 
(except for what Allah has revealed to me) [The 
Quran, verse 6-50 ]. 
Then again the prophet is instructed as follows in the 
Quran: 
Say Allah alone has knowledge of what is 
hidden...[The Quran, verse 10-20]. 
In what could have been a second and a legitimate line 
of defense against scientific criticism, the Quran, however, 
has the following to say: 
It is He who has revealed to you the Book. Some 
of its verses are precise in meaning — they are the 
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foundation of the Book and others (are) 
allegorical. Those whose hearts are infected vith 
disbelief follov the allegorical part so as to 
create dissension and to interpret it. But no one 
knovs its interpretation except Allah. Those urho are 
well-grounded in knowledge say: 'We believe in it, 
it is all from our Lord' . But only the wise take 
heed [The Quran, verses 3-5,6,7]. 
This must be read in conjunction with the following verses: 
Those that deny Allah's revelations shall be 
sternly punished [The Quran, verse 3-4 ]. 
Who is more wicked than the man who invents a 
falsehood about Allah or denies His revelations [The 
Quran, verse 10-17]. 
When you see those that scoff at our 
revelations, withdraw from them till they engage in 
some other talk [The Quran, verse 6-68 ]. 
If you look more carefully, you get an impression of th 
atmosphere in an old madrasa classroom where the teacher 
says he is trying to teach a very important or difficult 
su'jjject and if someone talks or questions or, protests then 
he is immediately pulled up by the teacher and asked not to 
do so but to quietly accept whatever the teacher is saying 
as true. What is expected is total acquiescence and no 
dissent. But then have we not moved a long way since the 
times of Aristotle and Plato [Davies 1989]. In the interests 
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of free inquiry and pursuit of facts, one cannot lay down 
any more that ancient ^truths' can not now be challenged. To 
do so will be tantamount to extreme smugness and 
boastfulness, the very traits ancient wisdom tells us will 
act as pitfalls for any people. 
Let us summarize. Looked at objectively, Islam, as a 
thought system, has elements in it of Hebrew mythology and 
theology alongwith Christian eschatology combined with 
Ancient Greek science and philosophy and expressed in fluent 
Arabic language [Bogomolov 1985, Ansari 1994]. In so far as 
it is possible to criticize any, or some, of these component 
elements, it is possible objectively also to criticize Islam. 
The Muslims must be prepared today to reconsider some of the 
ideas contained in the Quran. One should not be so naive as 
to say that every word of ^science' contained in the Quran is 
literarily or absolutely ^correct'. As seen here, it is 
quite obvious that such a posture can very quickly lead to 
very serious difficulties. 
It may be that like material and emotional needs, human 
beings need ideas like god and communality for psychological 
reasons. A lot of work has to be done to bring out the truth 
in this regard. The reductionist argument tries to reduce all 
knowledge to science, and all science to physics, and all 
personal and social conduct to pure morality. The truth or 
otherwise of this posture needs further examination. 
Positivism and neo-positivism in the philosophy of science is 
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under attack from many quarters. Even neo-realism is being 
questioned. The study of physics, while providing many of the 
answers to fundamental questions about the universe, leaves 
many questions unanswered, about consciousness and the 
complexity of the human mind [Penrose 1990]. 
Traditional religion ultimately goes beyond the reach of 
reason and emotion and rests finally on faith. But then, 
faith without reason can be so arbitrary. So, in Islam, 
rationalism is invoked, as in Greek philosophy, to buttress 
faith. However, reason itself is often a desultory guide and 
there are many instances where science and religion appear to 
be in conflict just as there may also be some points where 
they may seem also to be in agreement, at least in a limit. 
In one thing they both seem to agree, namely in the ultimate 
faith that reality is something larger than what is perceived 
by human senses directly. 
One positive aspect of the conflict and crisis outlined 
in this chapter is the need to attempt periodic integration 
and synthesis within a particular science, as well as between 
different sciences. Indeed, different sciences are united by 
the commonness of their object of study. In the words of Max 
Planck: 
Science is an invardly coherent vhole. Its 
division into separate fields is determined not so 
much by the nature of things, as man's limited 
cognitive capacity. ... In reality, there is an 
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unbroken chain which runs from Physics and Chemistry 
through Biology and Anthropology to Social Sciences, 
a chain vhich cannot be broken at any point, and 
that only arbitrarily [Planck 1933]. 
Finally, we can say in conclusion, that with the spread 
of education and modern science, certain aspects of religion 
may lose their infallibility but certain other aspects as, 
for example, those dealing with goodwill to others, or 
communion with God, will continue to be important, and, in 
such a process, Islam can not remain an exception. 
The attitude of some at least of the physicists in this 
regard can be summarized in the following words of Zhi and 
Xian: 
What ye can expect is that i/ith the development 
of the physics of the creation of the universe, 
ancient creation myths, medieval church doctrines 
and much still current metaphysical vild theorizing 
urill all become historical exhibits, testifying to 
an earlier stage of human culture'. 
[ Zhi and Xian 1989 , p 174 ] 
Some others would see nothing wrong in continuing to 
philosophize. As we have seen above, apart from other factors 
that are there, Islam, to a considerable extent, stands on 
the same foundations of Greek Science and Philosophy on which 
Modern Science stands, notwithstanding the fact that the 
latter outgrew and surpassed the foundations long ago. 
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Despite having the same foundations, the attitudes of science 
and religion (and here we have mainly Islam in mind) are 
quite different. Whereas the former symbolizes change, 
progress, doubt and exploration, the latter is characterized 
by a kind of constancy, stability, faith and spiritual 
solace. Perhaps, man needs both, although they appear 
contradictory. One might say, as done by Mercier above, that 
they were complementary. 
Some people contend that if we regard religious texts as 
consisting of some eternal truths (which may be suitably 
identified) and beautiful allegories, most difficulties 
disappear. The difficulties arise when we demand literal 
truth. 
The purpose that religion is taken to serve seems to be 
to provide constancy and stability in an ever changing world 
where changes are occurring at a stunning pace so that man 
would be ^lost' if he did not have something like religion to 
hold on to. There is a joke that particle physicists (who 
seem to find their subject always in a state of the greatest 
flux) constitute the greatest proportion of believers in 
religion among all categories of scientists. 
The trouble comes when religion is used to divide 
mankind into warring camps, and violence, bloodshed (ethnic 
cleansing) is sought to be justified in the name of religion. 
Society the world over is not going to tolerate this 
distorted aspect of religion. Also, in future, society would 
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have to deal with questions of ethics that inyolve use of 
scientific techniques but which may be in conflict with 
tenets of orthodox religion. A universal aesthetics may then 
be helpful that will carry within itself the essence of the 
spirit of different religions. 
In short, religion is not going to be swept away by the 
avalanche set in motion by the technical revolution. It is 
going to be with us, but it needs an enlightened 
reinterpretation. 
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A P P E N D I X ( 1 ) 
R E L A T I O N i S M 
A N D 
Q U A N T U M M E C H A N I C S 
1.1 EARLY STIRRINGS AND FIRST STEPS TOWARDS THEORIZATION: 
We have already seen the development with regard to 
failure of classical physics and the advent of Bohr's 
Quantum Theory in the chapter on Old Quantum Theory. 
1.1.A. QUANTUM CONDITIONS AND THE ADIABATIC PRINCIPLE: 
Following Bohr, Sommerfeld obtained the generalized 
Quantum Conditions 
I Pk ^ ^k = "k ^  
where p, is the momentum corresponding to the coordinate q, , 
n, is a non-negative integer, and the integration is 
extended over a period of q, , and applied it successfully to 
the relativistic treatment of the hydrogen atom. For 
Sommerfeld the generalized quantum conditions were the 
ultimate foundations of Quantum Theory, or, as he expressed 
it, statements 'unproved and perhaps incapable of being 
proved'. 
Ehrenfest pointed out that in the course of an 
adiabatic transformation, adiabatic invariants retain their 
initial values. This came to be known as the Adiabatic 
Principle and formed one of the two foundations of the Old 
Quantum Theory. Bohr's rule that 2nmvr = nh followed from 
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t h e f a c t t h a t 2nitivr = 2.1/2.niv . (2nr/v) = 2 E, ./v i s a l s o 
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an adiabatic invariant. 
I.1.B. THE CORRESPONDENCE PRINCIPLE: 
The second important foundational principle of Old 
Quantum Theory was the Correspondence Principle, which at 
first implied that Classical Mechanics was a limiting case 
of Quantum Theory. According to Planck this limit was h—>0, 
while according to Bohr this was v —> 0 at constant h, or, 
using the Adiabatic Principle, whenever An is small compared 
to n, where n are the quantum numbers. Although the quantum 
theoretic frequency i^  coincides with the classical 
frequency only in the case of high energy levels, for the 
Planck's oscillator, the equation v = v , holds strictly 
^ qu cl ^ 
for all energy levels, which is quite fortuituous. The 
Correspondence Principle, as conceived, nevertheless, 
conflicted with the substance of the theory because of the 
assumptions made by Bohr, and Bohr repeatedly emphasised 
that the Correspondence Principle should be regarded as 
purely a law of quantum theory. 
LLC. THE ZEEMAN EFFECT: 
Zeeman effect referred to the splitting of spectral lines 
under the action of magnetic field. Lorentz explained it on 
the basis of his electron theory by resolving the motion of 
the quasi-elastically bound charged particle into a linear 
vibration in the direction of the field (and hence 
unaffected by the field) and into two superposed circular 
motions, executed in opposite directions, in the plane 
perpendicular to the direction of the field. Lorentz's 
Z ^ i 
result was but an application of Larmor's theorem proved 
earlier, according to which, the effect of a magnetic field 
on a group of rotating ions or electrons, for all of which 
the ratio e/m of the electric charge to mass has the same 
value, is to superimpose on the orbital motion a 
precessional motion about the direction of the field, with 
an angular velocity given by eH/2mc. Debye and Sommerfeld 
succeeded in interpreting the normal Zeeman effect on the 
basis of Bohr's theory, whereby it was found that the 
selection rule Am_=±l or 0 accounted for the Lorentz 
triplet, assuming that H modifies the frequency of the 
emitted spectral line by a shift t^v = Am . (eH/4nmc) . In 
order to explain Zeeman splitting of multiplet levels, 
Sommerfeld and Lande introduced the ^magnetic-core 
hypothesis' whereby the optical electron is subject to what 
might be called an internal Zeeman effect, its angular 
momentum vector being allowed to assume only discrete 
inclinations with respect to the axis of the core. However, 
the older quantum theory could never resolve the 
inconsistency that whereas spectroscopist evidence showed 
that 1 was zero for s terms which were singlets, the vector 
model predicted 1 = 1. Moreover, Lande had to assume a 
value of half of what is expected on classical grounds for 
the splitting factors if in addition to the number of lines 
and their polarizations in the Zeeman pattern, the 
displacement of the various Zeeman terms was also to be 
characterized. 
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I.1.D. EXCLUSION PRINCIPLE AND SPIN: 
While space quantizatioin could be demonstrated in the 
experiment of Stern and Gerlach, the answer as posed by 
Einstein as to how do the atoms take up their orientations, 
could not be answered satisfactorily. Pauli's paper on the 
Exclusion Principle was influential for the discovery of the 
spin by Uhlenbeck and Goudsmit. In fact Pauli had already 
said 
'The doublet structure of the alkali spectra as 
veil as the deviation from Larmor's Theorem, are due to 
a peculiar, classically-not-describable tvo-valuedness 
in the quantum theoretic properties of the optical 
electron'. 
When Stoner had shown on the basis of careful studies of x-
ray absorptioon bands and precision measurements of the 
relative intensities of x-rays that t^he number of electrons 
associated with each sub-level (in the so-called shell 
structure of atoms) separately is ..equal to double the 
inner quantum number', Pauli found that its natural 
explanation lay in assuming that each possible orbit oi 
state is labelled by four quantum numbers and that only one 
electron is allowed to occupy each of these states. 
Uhlenbeck and Goudsmit proposed to reinterpret the angular 
momentum of the core as due to an ^intrinsic rotation' of 
the electron, even though the peripheral velocity of such an 
spinning electron exceeded the maximum velocity allowed by 
Einstein's Relativity Theory by several times. It was Pauli 
who with the help of his celebrated spin matrices succeeded 
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in giving a consistent theory of the spinning electron, on 
the basis of non-relativistic quantum mechanics, and devised 
his two-component equation which turned out to be the non-
relativistic limit of Dirac's famous relativistic equation 
of the electron. Pauli's description that spin is *an 
essentially quantum mechanical property' holds true because 
the effect disappears in the limit h —> 0. 
1.2 TOWARDS MODERN QUANTUM MECHANICS: 
1.2.A. THE CONTRADICTION DEEPENS: 
Compton's experiment put the quantum-corpuscular view 
on firm empirical foundations. The experiment could be 
explained if it was assumed that the electron scatters a 
complete quantum, and that the radiation quantum carries 
with it directed momentum as well as energy. The quantum 
corpuscular theory could be used to explain Doppler effect 
(as was done by Emden) and Fraunhofer diffraction but not 
results from finite diffracting systems or Fresnel 
diffraction phenomena. 
The undulatory and the corpuscular points of view 
represented two mutually exclusive and therefore 
contradictory notions. This represented a serious dilemma at 
the very foundation of physical science because the quanta 
were defined in terms of frequency, and frequency in terms 
of wavelength, and wavelength could be measured only by 
applying undulatory notions such as interference or 
diffraction. In other words, a hypothesis supported by 
incontestable experimental evidence, became physically 
significant only by the use of its own negation. 
I.2.B. PHILOSOPHICAL BEARINGS: 
Writings of philosophers like Renouvier, Boutroux, 
Kierkegaard and Hoffding in the late nineteenth century 
prepared the ground for a careful critical examination and 
epistemological analysis of the foundations of modern 
quantum theory which became necessary in the nineteen 
twenties. 
Renouvier rejected continuity because he rejected 
actual infinity. He rejected causality both as an idealistic 
category and as a realistic principle of the order of the 
cosmos. To account for the cognitive function of science, 
Renouvier proposed a phenomenalism known as 
representationism whereby all that we immediately know is 
but a particular phenomenon or ^representation'. 
Boutroux argued for a philosophy of nature based on 
contingency saying that life, feeling, liberty etc. were 
profound realities and that the forms apprehended by science 
are but inadequate manifestations of these realities. 
According to Peirce the necessitarian philosophy of 
deterministic mechanics in\/^ olves reversible laws which can 
not explain evolution and growth and therefore reality as 
empirically observed. Moreover, according to his thoery of 
tychism, analysis of the process of experimental 
measurements shows that absolute chance, and not an 
indeterminacy arising merely from our ignorance, is an 
irreducible factor in physical processes. 
Exner also advanced similar ideas of probability which 
differed in nature from ideas of probability in classical 
231) 
physics. In the latter, individual physical process strictly 
obeyed the law of cause and effect while probability arose 
as an expression of human ignorance of the exact details of 
the individual event. The new conception of probability, on 
the other hand, assumed not only that macroscopic 
determinism is a statistical effect but also that the 
individual microscopic or submicroscopic event is purely 
contingent. 
Charles Darwin, writing in 1919 felt that the quantum 
theory may entail that we endow the electron with a free 
will because of the way it rests essentially on a 
contradiction. 
Hoffding (who was an ardent student of the 
existentialist philosopher Kierkegaard) influenced young 
Niels Bohr who in his Copehnhagen Interpretation tried later 
to accomodate both the wave and the corpuscle points of view 
of new quantum theory. Kierkegaard emphasized and Hoffding 
repeated it on many occasions that man cannot without 
falsification conceive of himself as a non-participant 
observer but that he remains always a participant. Moreover, 
according to Kierkegaard, a decisive thing always occurs 
only by jerks, b^y a sudden turn which neither can be 
predicted from its antecedents nor is determined by these' . 
Bohr was also influenced by William James who brought 
C.S. Peirce's philosophy to its logical conclusion. 
Logical positivism and empiricism of Ernst Mach, Moritz 
Schlick and Wittgenstein made people realize the importance 
of philosophy to physics. 
2fiV 
Contingentism, existentialism, pragmatism and logical 
empiricism united in reaction to Cartesian mechanistic 
perception, rejecting causality and preparing the way for 
modern Quantum Mechanics. 
I.2.C, NEW INSIGHTS FROM THE STUDY OF OPTICAL DISPERSION: 
According to Darwin's Theory of Dispersion, an atom, if 
struck by an incident wave of light, acquires a probability 
of emitting a spherical wave train which interferes with the 
exciting light, the probability being a function of the 
intensity of the incident light. By assuming a virtual 
radiation field through which distant atoms are capable of 
communicating with each other even before transitions 
between stationary states take place. Slater attempted to 
reconcile the discrete theory of light quanta with the 
continuous wave theory of the electromagnetic field. 
Bohr and Kramers assumed with Slater that every atom, 
as soon and as long as it occupies a given stationery state, 
communicates continually with other atoms through a time-
spatial mechanism which is virtually equivalent with the 
field of radiation which in the clasical theory would 
originate from the virtual harmonic oscillators 
corresponding with the various possible transitions to other 
stationary states. However, Compton and Simon and Bothe and 
Geiger found empirically that contarary to the view of Bohr, 
Kramers and Slater, the principles of conservation of energy 
and momentum are not degraded to the status of statistical 
theorems but that energy and momentum are conserved during 
the interaction between radiation and individual electrons. 
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According to Jammer: 
^The theory of Bohr, Kramers and Slater vas important 
because of its radically new approach. By interpreting 
Einstein's spontaneous emission as a process 'induced by the 
virtual field of radiation' and Einstein's induced 
transitions as occurring 'in consequence of the virtual 
radiation in the surrounding space due to other atoms', it 
paved the way for the susequent quantum mechanical 
conception of probability as something endowed with physical 
reality and not as merely a mathematical categorty of 
reasoning'. 
The notion of virtual oscillators was also of 
epistemological significance in as much as it was thought of 
as ^some intermediate kind of reality'; mathematically it 
prepared the way for the idea that the assembly of 
oscillators is nothing but a matrix. 
The quantum mechanical expression for the 
polarizability was written down by the works separately of 
Ladenberg, Kramers and Born and by Kramers and Heisenberg 
with the help of (a) the Born correspondence rule whereby 
for states characterised by quantum numbers n and n-x, the 
difference of any function such as the Hamiltonian can be 
written as, for example, H(n) - H(n-T) for the differential 
T(3H/an) , and (b) the ^f-summation theorem' whereby the 
quantum mechanical f-numbers f, . satisfy the condition 
l^Ki-l ^i k 
k' 
= 1 
(noting that the classical f, are non-negative integers 
being the number of dispersion electrons of kind k). 
1.3 EMERGING METHODOLOGIES: 
I.3.A. MATRIX MECHANICS: 
Heisenberg replaced Bohr's description of motion in 
terms of classical physics by a description in terms of what 
Heisenberg regarded as observables. To this end Heisenberg 
replaced the unobservable position and momentum of the 
electron in the atom by the observable optical quantities of 
frequency and intensity (or rather dipole amplitude) and 
tried to see if a theory can be worked out on this basis. 
Moreover, Heisenberg applied the Bohr correspondence 
principle to guess the very mathematical scheme for a new 
mechanics. In accordance with Bohr's correspondence 
principle for quantum theoretic frequency v _ and the 
classical frequency u(n,x), namely 
^ ' ' n,n-T 
he assumed 
x ( n , T ) < — > X '• 
2 
and asked what is x ? By what he described as ^an almost 
cogent' conclusion he obtained the multiplication rule 
2 
n,n-T L n,n-r' n-T',n-T' x_ 
T,n-T 
T 
Heisenberg's strange multiplication rule turned out to 
be simply the rule r^ow times column' for the multiplication 
of matrices. 
Representing both q and p independently as matrices, 
and not only q as did Heisenberg, Born established for the 
first time what was later called the basic commutation 
irs 
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re la t ion in quantum mechanics: 
p q - q p = (h/2ni)l . 
Born and Jordan called this equation the exact quantum 
condition and recognised its axiomatic status within the 
logical structure of the theory. Using the notion of the 
quantum condition. Born, Heisenberg and Jordan could 
formulate the process of solving the canonical equations of 
motion as follows: 
Find two time-independent Hermitian matrices p and q 
which satisfy the commutation relation and in terms of 
which the Hamiltonian of the system is a diagonal matix. 
Introducing further the concept of canonical 
transformations. Born, Heisenberg and Jordan could reduce 
the process of solving the equations of motion to certain 
problems in algebra and analysis for which solutions were 
available in mathematical physics books or were the subject 
of contemporary mathematical research. 
Heisenberg's postulated indicial modification, 
inconspicuous as it was, and the Born-Jordan commutation 
relations, led, so to speak, to a complete logical rupture 
with the classical scheme of conceptions. The Correspondence 
Principle in the new quantum theory therefore meant that 
though the two theories may converge to notationally 
identical expressions (and numerically equal results) , the 
symbols, corresdponding to each other, differed strikingly 
in their conceptual contents because they belonged to two 
disparate and mutually irreducible theories. 
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Matrix mechanics, as formulated so far, was incapable 
of treating aperiodic phenomena such as uniform rectilinear 
motion because of absence of any off-diagonal elements in 
the matrix q. Born and Wiener interpreted the commutation 
relations and the canonical equations as operator equations 
for operators whose associated matrices were Hermitian. They 
could show that 
h 
H = D 
2TIi 
and defined the time derivative q of an operator q as the 
operator equation 
Dq - qD = q 
d 
where D = — • 
dt 
They could demonstrate the applicability of their 
operator mechanics to both periodic and aperiodic phenomena, 
but they could not guess that there was also an operator 
equation for p namely 
h 8 
2ni dq 
for if they had done so they would have also discovered the 
other form of new mechanics, namely Wave Mechanics, which, 
under the circumstances, was discovered by Schrodinger a 
few months later. 
The generalization of matrix mechanics into an operator 
calculus by Born and Wiener eventually led to a profounder 
understanding of quantum theory. 
Dirac could show that the quantum mechanical quantity 
xy - yx corresponded to the quantity — x^,y/ where the 
expression ^x,y} was the classical Poisson bracket 
12 
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expression 
ax ay ay ax 
{x,y} = 
•^  aw aj aw aj 
which was known to be invariant under a canonical 
transformation. It follows that 
h 
pq - qp 2ni 
As the Poisson brackets are one of the most powerful 
analytical tools in classical dynamics, the quantization of 
classical mechanics, if carried out in accordance with 
Dirac's rule is more convenient than in Heisenberg's Matrix 
Mechanics, but like matrix mechanics, Dirac's approach could 
not yet account for non-periodic motion as could be done by 
the Born-Wiener operator calculus. 
Using matrix mechanics, Pauli could derive the spectrum 
of the hydrogen atom, the Stark effect as well as the 
energy perturbation in the hydrogen spectrum if the atom is 
acted upon by crossed electric and magnetic fields. 
I.3.B. WAVE MECHANICS: 
From Hamilton's Variational Principle S L dt = 0 it is 
easy to derive, for constant E, Maupertius's Principle of 
Least Action 6 f 2T dt = 0 or 5 f[2m(E-U)] ^ ^ ds = 0, where 
the symbols have their usual meaning. Comparing this with 
. . r n 
Fermat's Principle of Minimum Time & - ds = 0, we see that 
J c 
c 
the phase velocity in Optics u = - plays the same role as 
n 
the expression c l2m(E-U)J plays in mechanics. 
ij> 
2S:{ 
Moreover, the surface of constant action in configuration 
space of a system of particles is propagated in complete 
analogy to the surface of constant phase in Optics but no 
correspondence could be established between the velocity of 
the particle and that of the ray so that the analogy 
remained formal until De Broglie came along whose work gave 
Schrodinger an important clue for his whole approach. 
De Broglie proved that relativistic discrepancy between 
internal frequency and frequency as observed can be 
resolved if it is assumed that every moving body is 
accompanied by a wave and that it is impossible to disjoin 
motion of the body and propagation of the wave. Electrons 
must also be waves and exhibit diffraction. The phase wave, 
according to de Broglie, is conceived as ^guiding the 
displacements of the energy'. To Schrodinger, Sommerfeld's 
h dq 
f p dq = nh and de Broglie's p = — implied f — = n and 
A A 
therefore a wave-theoretic eigenvalue problem. Schrodinger 
replaced S in the Hamilton equation by K log 0 and replaced 
the quantum conditions by the postulate: ip is a real, 
single-valued, twice-continuously differentiable function 
for which the integral of the quadratic form over the whole 
configuration space is an extremum. The Euler-Lagrange 
equation, correspondiong to the variational integral is the 
required wave equation. Commenting on this procedure 
Schrodinger remarked that the mysterious requirement of 
integralness no longer entered into the quantization rules 
bat has been traced, so to speak, a step further back by 
having been shown to result from the finiteness and single-
14 
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valuedness of a certain space function'. He visualized a 
quantum transition as an energy change from one vibrational 
mode to another rather than as jumping of electrons. 
V h 
Schrodinger obtained A = - = in agreement with V , ,1/2 [2m{E-U}] 
de Broglie, then assuming * = i^fCqjt) = <A(q) exp[2ni (E/h) t] 
where i/((q) = i/f is a space function and E/h the frequency v, 
and using the general differential equation for waves, he 
deduced the fundamental equation 
2 sn^m . . V''\p{q,t) - [E - U]</; = 0. 
h^ 
Schrodinger emphasized that the true mechanical process 
was realized and represented appropriately by the wave 
processes in q space and not by motion of image points in 
this space. Moreover as transitions involved change of E, he 
obtained the time dependent equation by eliminating E to get 
2 
h o h 5* 
sn^m 2ni at 
Recognizing this as the same as a structure of a 
diffusion equation with an imaginery diffusion coefficient, 
Schrodinger relaxed his original requirement concerning the 
reality of \p and admitted complex-valued functions for ijj. 
He emphasized that the <^ -function cannot and may not in 
general be interpreted directly in terms of three-
dimensional space, because it is a function in configuration 
space and not in real space. Schrodinger interpreted ijj \p* as 
a weight function in configuration space which accounts for 
the electrodynamical fluctuations of the space density of 
electric charges. 
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As discussed in our chapter on mathematical 
Improprieties in Physics, the requirements that the wave 
function ip should satisfy soon began to be elaborated upon, 
^ was to be complex rather than real.In 1930 Jaffe contended 
that \p must be single-valued, finite and continuously 
differentiable throughout configuration space and must 
possess a second derivative everywhere, except at singular 
points where the potential is discontinuous. Langer and 
Rosen argued that the ultimate criterion for the 
admissibility of ip was the finiteness of the the variational 
integral J = T F dx dy dz where 
F = (VV/)^ - — 2m E + — 
r 
,2 
•A 
for the hydrogen atom problem. A few weeks later Kennard 
claimed that ^^ /-functions themselves must be quadratically 
integrable (or in the continuous spectrum case, Weyl 
normalizable) , while to say that i(i should be single-valued 
and continuous was unnecessary after specifying that ip 
satisfied a differential equation. As for the finiteness of 
0 it was equivalent to saying that \jj\p* must be integrable. 
According to Kennard it was the. completeness of the 
orthogonal functions that constituted ip (so that any 
arbitrary ip could be expanded in terms of them) that 
constituted the essential requirement for the admissibility 
of 0. 
In 192 6 Schrodinger established the formal identity of wave 
mechanics with matrix mechanics. For every function 
Zfifi 
h d 
F(p,q) a differential operator F( — ,q) was associated 
2lli dq 
and the same was represented by a matrix with elements F., 
and any wave-mechanical equation could be translated into a 
matrix equation, the operation of F on a wave function i// 
corresponding to the application of the matrix {F., } on the 
column vector {^ i,} whose components are the Fourier 
coefficients of \p. Schrodinger also showed the converse, 
namely that functions can be obtained from numerically given 
matrices. Pauli also independently established the 
equivalence of matrix to wave mechanics. 
1.4 THE UNIFIED ANALYTICAL FORMALISM: 
1.4.A. PROBABILISTIC INTERPRETATIONS: 
Born proposed a probabilistic interpretation of the 
wave function in the study of scattering phenomena. The 
square of the wave function corresponded to the probability 
of scattering of a particle which approaches the target in a 
given direction, and gets scattered in a particular 
direction. This was different from the earlier Schrodinger 
2 interpretation wherein 0 was related to the space density 
of charge either in configuration space or real space, which 
interpretation was unacceptable because if electron was 
assumed to consist of a packet of waves then the wave-
packets spread and there is no stability. 
Born was influenced by Einstein's notion that the 
electromagnetic field intensity determined the probability 
of the presence of photons and generalized it to particles 
other than photons. To Einstein the electromagnetic field 
was a kind of ^phantom field' which ^guided' the photons on 
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their path. However, whereas for Einstein the notion of 
probability was the traditional notion of classical 
statistical physics, namely a mathematical objectivization 
of a human deficiency of complete or exact knowledge but 
ultimately a creation of the human mind, Horn's 
2 . . . 
interpretation of \l) as probability density differed 
importantly from classical notions in that for Born the 
probability was endowed also with ontological significance 
as an intermediate kind of reality because the i//-waves, 
though they did not themselves transport energy or momentum, 
were nevertheless endowed with some kind of physical 
reality, being themselves propagated in accordance with the 
law of causality, as determined, for example, by 
Schrodinger's equation. 
Developing his probabilistic interpretation further. 
Born advanced two theorems which emphasised the peculiar 
notion of probability in Quantum Mechanics. These theorems 
were about (1) spectral decomposition and (2) interference 
of probabilities. According to the first, given \}) = S c ip 
r II II •^  r * 
where 0 form a complete set so that i/'(q) dq = ) 
n 
II2 
n ' 
n 
whereas I l|2 • 0(q) dq can be regarded statistically as the 
2 
by itself should be interpreted number of particles, j ^ ^ 
as the statistical frequency of the occurrence of the state 
characterized by the index n. According to the second, for 
the superposed state \p = ip + ip , probability density is not 
18 
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just P = P + P„ , as in classical physics, where P ^^1 
and P2 = ^2 
2 
but is given by ^1 ^^2 ^ = P^ + P^ + ^^^>l + 
^A_0* , where the last two interference terms are generally 
different from zero and the phases of the expansion 
coefficients, and not only their absolute values, are 
physically significant in a quantum mechanical 
superposition. 
Apart from Schrodinger's electrodynamic and Bern's 
Probability interpretations, Louis De Broglie advanced an 
alternative interpretation in which he used Einstein's 
earlier suggestion of 1909 that light quanta were 
singularities of a field and combined it with Horn's 
interpretation of the 0-function as a probability amplitude. 
In his theory of the 'double solution' of 1927, de Broglie 
assumed that the particles were embedded, as it were, in the 
wave field in such a way that their motion depended on all 
the obstacles that hindered the free propagation of the wave 
phenomenon surrounding the particles, the waves reacting on 
the particles, as it were, by way of a ^quantum potential' 
which resulted in the particles exhibiting interference and 
diffraction effects statistically. This approach has been 
further refined into David Bohm's so-called causal Quantum 
Theory of Motion, as discussed elsewhere. 
I.4.B. TRANSFORMATION THEORY: 
Dirac showed that the frequencies of the multiply 
periodic systems can be determined if canonical variables J 
and w could be found that satisfied the conditions 
[J^ ,J3 ] = [W^ ,w^ ]=0, [w^ ,J^ ]=6^^ 
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where [x,y] are the quantum mechanical Poisson brackets 
defined as 
1 
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A canonical transformation was one that left the 
commutation relations invariant. Jordan showed that every 
canonical transformation can be written as 
P = S p S""*- Q = S q S"-"-
London considered the transformation 
d -id _1 
— = T — T q = T Q T 
Sq SQ 
and showed that the eigenvalues of the Schrodinger equation 
h d 
involving the Hamiltonian H(q,— — ) remain invariant under 
i dq 
the transformation. As regards the transformation of 
eigenfunctions, London interpreted the exapnsion 
V^^ =l''ik~^i^^^ 
in terms of orthonormal eigenfunctions ip • (Q) as a rotation in 
the infinite dimensional Hilbert space of the coordinate 
system spanned by the eigenfunctions. London also showed that 
matrix elements such as those of the electric dipole moment 
and therefore the intensities are invariant under such 
transformations. 
The work of London and Dirac showed that the 
eigenfunctions of Schrodinger Equation were just the 
transformation functions that enable one to transform from 
the q-scheme of matrix representation to a scheme in which 
the Hamiltonian was a diagonal matrix or what may be called 
the E-scheme. 
27 
Pauli generalized Horn's statistical interpretation to 
II I I 2 
say that, for example, U((p) dp is to be interpreted as the 
probability that the particle has a momentum between p and 
p+dp. The statistical interpretation thus ascribed a physical 
meaning to every transformation from one matrix scheme to 
another and not only to the transformation from the q-scheme 
to the E-scheme. This enabled Jordan to skillfully show that 
the Transformation Theory contains not only Schrodinger's 
Wave Mechanics and Heisenberg's Matrix Mechanics but also the 
Born-Wiener Operator Calculus and Dirac's q-Number Algorithm 
as special cases, thus providing a logical, consistent, 
unified basis. 
i.4.C. THE THEORY IN HUBERT SPACE: 
The Transformation Theory indicated that it was possible 
to dispense with the Correspondence Principle and use 
statistical considerations concerning the measuring process 
as the foundation, and postulated that any Hermitian Matrix 
say A could, in principle, represent an observable quantity 
say ^a', and that the eigenvalues of A were the possible 
results of measuring ^ a'. 
In Matrix Mechanics the basic problem could be 
formulated as solution of the eigenvalue problem 
y h . ' u , ' = X u , X = \j 
u mK mx m n 
k' 
for given h , ' , wherein it is assumed that the diagonal 
elements of matrix W represent the (energy) eigenvalues while 
the matrix U is the unitary transformation matrix which 
diagonalizes the Hamiltonian matrix H. 
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In Wave Mechanics the basic problem was that of solving 
the eigenvalue problem 
H iP(q) = A ^ ^(q). 
If, as a first step, it is thought to develop a unified 
approach by regarding u as a function of the discrete 
variable m just as ^(q) is a function of the continuous 
variable q, then Von Neumann showed that introduction of 
improper functions like Dirac 5-function is unavoidable and 
as he argued that use of the S-function leads to * insoluble 
mathematical difficulties' he rejected the proposed fusion of 
the space Z of the discrete variable m with the space Q of 
the continuous variable q. Instead of Z and Q being one, von 
Neumann found that the sequence space F„ over Z and the 
function space F over n are esentially identical 
00 
(isomorphic). Here F„ is the set of all sequences {u } 
Zi m X 
u 
m 
= 1 and F^ the se t of a l l summable and sat isfying V 
m 
square-integrable complex-valued functions ^ (q) over Q, 
r I 2 
satisfying pCq) dq = 1. Von Neumann gave the name 
^abstract Hilbert space' to the common structure of F and F„ 
and defined it as an infinite dimensional, complete, 
separable, linear vector space with a positive definite 
metric. In the realization F^ ,, von Neumann's operators are 
functionals as studied in functional analysis. 
As the eigenfunction of a free particle is no Hilbert 
space vector, von Neumann reformulated the eigenvalue problem 
as follows:-
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Consider linear vector space of N dimensions. Let the 
unitary matrix U diagonalize the Hermitian form (Ax,x), then 
the projector E^^^ = U F'^^U" will satisfy the equation 
(Ax,x) = Y ^^^^ (E^^^ X/X) 
r 
(r) . . 
where a. ' are the different eigenvalues of A belonging to 
(r) -1 
the vectors y^ such that y = U x, and the projection (r) 
operator F^ ' is a matrix whose elements are zero except 
(r) those corresponding to a^ ' which are unity. In symbolic form 
one could write 
A = I a^ J^ E(^) 
r 
and if A is the identity operator I then 
I . I E W 
r 
(r) 
so that the range of pro3ectors {E^ '} is called the 
^resolution of the identity'. By saying that for every 
Hermitian operator A there belongs a unique resolution of the 
(r) identity {E^ '} such that, in general, 
(Ax,y) =Y a^^^ (E^ ""^  x,y) 
r 
the eigenvalue problem has been reduced to the determination 
of the resolution of the identity. For bounded operators this 
kind of problem was solved by Hilbert earlier. Von Neumann 
extended Hilbert's theory to the case of unbounded Hermitian 
operators. 
Using the new formulation, von Neumann formulated the 
statistical foundation of quantum mechanics as follows:-
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The probability, that, in the state <p, the quantities 
with commuting operators R.,...,R. have values from 
corresponding intervals I ,...,!. is given by 
E^(I^)---Ej(Ij) <l>\ 
3 
2 
where E (A) ,...,£. (A) are the resolutions of the identity 
belonging to R ,...,R. respectively. 
Using projectors as propositions (predicates, sentences) 
a logic of Quantum Mechanics can also be developed. Strauss 
has pointed out that there is a one-to-one correspondence 
between subspaces and projectors in abstract Hilbert space 
but while the calculus of the subspaces is an instance of a 
non-distributive orthocomplemented lattice algebra, the 
calculus of projectors is an instance of partial Boolean 
algebra i.e. an algebra consisting of Boolean sub-algebras 
that do not add up to a Boolean algebra. They do'nt add up 
because of non-connectivity of elements of different sub-
algebras, because one has here a codification of Bohr's idea 
of Complementarity. Strauss thus considers Bohr's idea of 
Complementarity as the foundational basis of Quantum 
Mechanics, and considers predicate logic with partial Boolean 
Algebra as the Logic of Quantum Mechanics given that 
complementarity holds in Quantum Mechanics at a fundamental 
level. 
I.4.D. UNCERTAINTY. COMPLEMENTARITY. HIDDEN VARIABLES. 
COMPLETENESS: 
In trying to obtain a physical understanding of the 
commutation relation pq - qp = h/2lli, Heisenberg concluded 
that this implied that two canonically conjugate quantities 
zn 
such as p and q or E and t cannot be measured simultaneously 
in an experiment with arbitrary accuracy but that the 
precision of measurement carries with it uncertainties which 
h 
satisfy relations like 6q 6p = — and SE St ~ h. In deriving 
2n 
the first of these relations, Heisenberg considered 
observation of the position of an electron with the help of 
y-rays in a microscope, while for the second he analyzed the 
Stern-Gerlach experiment. In arriving at this his so-called 
^Uncertainty Principle' Heisenberg was implying that nature 
behaves so as to confirm to the mathematical scheme of 
quantum mechanics, and that a measurement merely actualises 
what is present potentially. This, he contended, enabled him 
to retain the concept of an orbit or trajectory for a 
particle in quantum mechanics, because, as he put it, ^the 
path comes into existence only when we observe it'. In other 
words, notions are definable or validated only when measured, 
or, properties in Quantum Mechanics are epistemological in 
nature, rather than ontological. The unascertainability of 
initial values of position and momentum implied that strict 
causality was also invalidated in Quantum Mechanics and this 
had serious implications philosophically for the new theory. 
A certain kind of Realism had contended that there was a 
reality out there, ruled by causality, which was responsible 
for obtaining the results we obtain in measurements or 
observations, but what Heisenberg was saying was that such a 
kind of Realism was not the concern of Physics. But then, 
Einstein was not convinced and he regarded quantum mechanics 
as an incomplete theory at best. 
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Heisenberg's uncertainty principle also implied 
indistinguishibility of entities, which was a notion opposed 
to the classical view that things could be distinguished if 
by nothing else then at least by their positions or 
locations. •» There is no such thing as two individuals', 
contended Leibnitz, * indiscernible from each other'. Even 
the atomic theory of nineteenth and early twentieth centuries 
accepted the qualitative identity of particles but denied 
their indistinguishibility. Quantum Mechanics revised this 
point and accepted the notion of total likeness of particles, 
abandoning the notion of identifiability. This was made clear 
by Heitler and London, who published their famous paper on 
the hydrogen molecule, in which they showed the existence of 
new kind of saturable, nondynamic forces, the so-called 
^exchange forces', of attraction or repulsion, between like 
particles, and developed a schematic theory of the homopolar 
valence which eventually brought the whole of chemistry under 
the sovereignty of Quantum Mechanics. 
Bohr disliked Heisenberg's placing of restrictions on 
classical ontology in the above sense of the notion that 
nature must be truncated, as it were, to conform to a 
mathematical scheme.To Bohr, relations like E = hi^  and p = hk 
implied two descriptions of radiation that appeared to be 
mutually exclusive, but equally necessary. Such descriptions, 
Bohr said, were ^Complementary'. In Heisenberg's uncertainty 
relations Bohr saw a mathematical expression which defines 
the extent to which complementary notions may overlap, that 
is, may be applied simultaneously but, of course, not 
5! 7 si 
rigorously. An atomic system could be described in terms of 
complementary classical pictures by combining the system 
with different classical measuring devices. But in so far as 
there was a degree of indeterminateness about which objects 
are included in the system to be observed and which in the 
agency that observes, the conceptual interpretation of the 
notion of measurement in quantum mechanics has been a source 
of some embarrassment to many a physicists and the problem 
has remained with us virtually to this day. 
It has been shown that Bohr's conception of 
complementarity was strongly influenced by the philosophical 
teachings of Hoffding and the psychological writings of 
James. 
However, the notion of complementarity has had other 
connotations as well. Bohr himself used the term for the 
first time in 1927 to describe complementarity of description 
in terms of time and space and the description in terms of 
energy and momentum conservations i.e. the so-called causal 
mode of description. In contrast, von Weizsacker, for 
example, writes that t^he complementarity between space-time 
description and the claim of causality is the complementarity 
between the description of nature in classical notions and in 
terms of the /^/-function'. Pauli, on the other, agrees that 
two notions (for example position and momentum) are 
complementary when they belong to the same classical mode of 
description (e.g. the particle picture) and not to two 
mutually exclusive descriptions. According to Feyerabend, one 
of the reasons 'for the persistence of the creed of 
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complementarity in the face of decisive objections is to be 
found in the vagueness of the main principles of this creed'. 
Dirac developed quantum mechanics taking the notions of 
^observables' and ^states' as primitives. Van Neumann 
considered ensembles of systems and distinguished between 
^homogeneous ensembles' (defined as represented by a single 
normalized state function ifi, i.e. a ^pure' state, expressible 
in terms of a complete orthonormal system ^ = Y ^n ^n^ ^ "*^  
^mixtures' (defined as systems where a set of i/j's , namely 
^ ,^ , t^ , was required, each \\s^ ' being 
present with a probability p' ') and introduced the notion of 
the ^statistical operator' U (later the V matrix' of quantum 
statistics) and showed, quite generally, that <A> = Tr (UA) , 
2 . . . 
and that U = U (idempotency) was a criterion for the 
existence of a pure case. 
Van Neumann's proof that hidden variables are not 
allowed in quantum mechanics has been questioned. By hidden 
variables one meant additional variables, which, unlike 
ordinary variables, are inaccessible to measurements, and 
hence not subject to the restrictions of the uncertainty 
relations. Van Neumann first showed that dispersion-free 
ensembles do not exist but homogeneous ensembles do exist 
corresponding to all those ensembles whose statistical 
operator is a projection operator. He then proved that the 
statistical nature of homogeneous states cannot be removed by 
conceiving them as mixtures of substates, each of them 
associated with a definite set of values of hidden parameters 
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and by assuming that the dispersion of the homogenous state 
results from an averaging over such "actual" states, because 
that would lead to a logical inconsistency in that a 
homogenous ensemble could then be represented as a mixture of 
two different ensembles, contrary to its definition, and also 
because dispersion-free ensembles ^which would have to 
correspond to "actual" states, do not exist as earlier shown. 
1.5 TOWARDS MORE RELATIONISM: 
Aristotelian Physics - and most of its medieval 
modifications - was a Physics of essentially unlimited number 
of qualities or properties, assumed to inhere in the object 
under investigation. But the Atomists of Ancient Greece 
distinguished between two categories of observable 
properties, those that were conceived of as belonging to the 
substances, independent of the observer (like the dynamic and 
geometric properties), and those (like colour, heat, sound or 
taste) which were conceived of as not being in the object. 
Then Galileo differentiated between primary and secondary 
qualities and regarded only the primary qualities as real. In 
classical physics, the primary qualities of shape, position, 
and motion (later also mass and charge) came to bt regarded 
as objective features of physical reality, independent of, 
and irreducible to, observation. 
Herbart attempted to reduce properties, including 
primary qualities, to relations of one thing to others. 
Stallo pointed out that objects are known only through their 
relations to other objects. The idea that properties of 
objjects are effects exerted by them either on our senses or 
?q 
on other natural objects was emphasized also by Helmholtz. 
At first, the Theory of Relativity revealed that the 
geometric-kinematic properties of position, time, and 
velocity ( as well as length, size, duration and mass) , 
previously regarded as objective features, depend upon the 
frame of reference. Subsequently, quantum mechanics showed in 
addition that these properties are relative also to the means 
of observation. Even the notion of individuality or identity 
(distinguishibility) loses its applicability in the exchange 
phenomena of quantum mechanics. Quantum Mechanics is thus 
described as a language of interactions and not of 
attributes; . of processes, and not of properties. When 
Einstein tried to show that Quantum Mechanics was incomplete 
as a description of physical reality, Bohr retorted by saying 
that one cannot associate properties with physical systems in 
a possessive manner so that there was no epistemological 
basis of the so-called Einstenin-Podolosky-Rosen paradox. 
Looked at in this way, Qauntum Mechanics can be regarded as 
yet another step on the road to relationism, away from the 
absolutism of nineteenth century classical physics. 
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A P P E N D I X ( 2 ) 
P H E N O M E N O L O G I S M 
A S 
A N T I - R E A L I S M 
(THE UNCONVENTIONAL VIEWS OF NANCY CARTWRIGHT) 
11.1. INTRODUCTION: 
Nancy Cartwright, who is presently the Head of the 
Centre for the Philosophy of the Natural and Social Sciences 
at the London School of Economics and Political Science has 
written a book called 'Hov the Laws of Physics lie' 
[Cartwright 1983] in which she says: 
'In modern physics .... phenomenological laws 
are meant to describe . . . But fundamental equations 
are meant to explain, and paradoxically enough.... 
explanatory power is at the cost of descriptive 
adequacy. Really powerful explanatory laws of the 
sort found in theoretical physics do not state the 
truth. ' 
Her arguments can broadly be summarized as follows: 
11.2. COVERING-LAW MODEL OF EXPLANATION: 
Most models of explanation offered recently in the 
philosophy of science are covering-law models, that is to 
say the law provides an explanation for a phenomenon and in 
this sense can be said to cover it. These covering-law 
models include Hempel's inductive statistical model, 
SalMon's statistical relevance model and Hanson's 
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contextualistic model among others. But the difficulty here 
is that scientific explanations of most phenomena are by way 
primarily of ceteris paribus generalizations - i.e. 
generalizations that hold only under special (usually ideal) 
conditions. 
The Facticity View 
The ^facticity' view of laws has it that laws of nature 
describe facts about reality, but, claims Cartwright, 
rendered as descriptions of ^facts' (i.e. real situations 
with all their complexities) they are not quite true; and if 
amended to be true, they lose their fundamental explanatory 
force. In other words ^fundamental' laws can not said to be 
stating the ^facts'. 
Composition of Causes 
We explain complex phenomena by way of composition of 
causes i.e. by reducing them to their more simple 
components. John Stuart Mill thinks that in cases of the 
composition of causes, each separate effect does exist as 
part of the resultant effect but Mill's claim can be shown 
not to hold in practice. Also, David Hume taught that 'the 
distinction, urhich we often make betwixt power and exercise 
of it, is . . . . without foundation' but Hume's distinction 
can also be shown to be quite illicit. Explanation by 
composition of causes fails to satisfy the facticity 
requirement because the consequences that would occur if the 
law acted alone are not the consequences that actually occur 
when the same law acts in combination. Examples are vector 
addition of forces, or calculation of fine or hyperfine 
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structure of spectral lines, etc. Soret Effect does describe 
the flow of liquids when both concentration as well as 
temperature gradients are present, and assumes simple linear 
additivity, but this law of action is highly specific to the 
situation and will not work for combining arbitrary 
influences studied by transport theory. The Onsager approach 
(1931-1950 or so) which tries to give a systematic account 
of cross-effect modifications of flow processes, turns out 
to be a collection of ad hoc techniques. 
Sometimes, *super laws' can be written down for complex 
situations but such is only rarely the case, and when it is, 
it may fail to describe the component processes that go 
together to produce the phenomenon. Example can be the 
covering-law-style calculation of energy levels of carbon 
from the characterization of abstract Hamiltonian and the 
symmetries it exhibits using general theorems about symmetry 
groups and Hamiltonians and degeneracies, etc. in the case 
of spin-orbit coupling. But this misses the detailed causal 
account of how the splitting of spectral lines manages to 
get worked out in each of its particularities. 
Modern laws and equations of ^high' scientific 
theories, which form the core of modern science, are like 
Hume's generalizations. Hume like most empiricists was 
suspicious of causes. In the words of Bertrand Russel: 
'Certain differential equations can be found, which hold at 
every instant for every particle of the system. .. But there 
is nothing that could properly be called 'cause' and nothing 
that could properly be called 'effect' in such a system' .But 
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according to mathematicians like Thorn only the causes really 
explain. His words describing the difference between citing 
the cause of a phenomenon and setting the phenomenon in a 
general theoretical setting are: 'Descartes vith his 
vortices, his hooked atoms, and the like explained 
everything and calculated nothing; Newton, with the inverse 
square law of gravitation calculated everything and 
explained nothing'. 
11.3. INFERENCE TO MOST PROBABLE CAUSE: 
Often it is claimed that scientific theorization is an 
example of inference to the best explanation. The method of 
inference to the best explanation is, however, subject to an 
important constraint, namely the requirement of non-
redundancy. We find redundancy of theoretical treatments but 
not of causal account so that even if one had to believe in 
explanations, then causal explanations are better than 
explanations by laws. For example, as given in standard 
books, the quantum mechanical treatment of radiative 
damping^ and the associated line broadening, can be had in 
many ways (as, for example, by (1) Weisskopf-Wigner Method 
(2) Heitler-Ma Method (3) Goldberger-Watson Method (4) 
Quantum Statistical Master Equation Method (5) Langevin 
Equation Method and (6) Neo-classical Method ) but the cause 
of this phenomenon is just one, namely the emission and 
absorption of real photons. If we accept the view that 
theoretical explanations offer statements of objective laws, 
then we have a situation here where we are offering 
different laws for the same phenomenon and permitting 
zr^ 
redundancy. 
One could have scientific reasoning which, insteasd of 
being a paradigm of inference to the best explanation is an 
example of an inference to the most probable cause. For 
example, besides Brownian motion Perrin lists thirteen quite 
different physical situations which yield a determination of 
Avogadro's number. In each of Perrin's thirteen cases, one 
infers a concrete cause from a concrete effect, but some 
models may invoke greater confidence than others because the 
inference is always against a background of other knowledge. 
The argument from coincidence, namely that the more diverse 
the cases explained, the more is the truth of the cause (or 
the law), can be seen to apply in Perrin's argument, but not 
when dealing with ^explanation by laws'. 
11.4. REALITY OF THEORETICAL ENTITIES: 
Van Fraassen with his book T^he Scientific Image' and 
Pierre Duhem who wrote the book *The Aims and Structure of 
Physical Theory', are two noteable representatives of anti-
realism (Fraassen calls himself a constructive empiricist) 
in the sense that they deny that you can ever undertake 
inference to the best explanation. Van Fraassen holds that a 
theory's success at saving a phenomenon gives reason to 
believe just that : that it saves the phenomenon, and 
nothing more. To say that this means that the theory is also 
^true' is a gratuitous additional assumption. This is the 
core of Duhem's view as well. Duhem has no quarrel with 
phenomenological laws which can .be confirmed by inductive 
methods but he rejects theoretical laws because he does not 
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countenance inference to the best explanation. Cartwright 
opines that Duhem and van Fraassen make a distinction 
within a field of scientific knowledge while scepticism, 
positivism and transcendentalisms are global doctrines about 
the whole domain of science. 
Unlike van Fraassen and Duhem, Cartwright, while 
promoting anti-realism with regard to theoretical laws 
herself, is nonetheless a realist as far as theoretical 
entities (as oppsed to theoretical laws) are concerned. She 
says, for example, that the electron is not an entity of any 
particular theory but rather acts as a real cause of many a 
phenomena. Causal explanations, unlike explanation by 
theoretical laws, have an existential component built into 
them. Van Fraassen disagrees because he does not believe in 
causes. 
11.5. APPROXIMATIONS: 
Theories can organize, predict and classify but they 
can still be ^untrue'. Reliability of phenomenological laws 
on the other hand follows from direct experimental testing. 
Although lasers can be designed using the most sophisticated 
of theories, millions of dollars a year have still to be 
spent by firms like Spectra Physics across the world to do 
test runs to see that they actually perform as required. 
Cartwright thinks that the ultra-realist mechanistic 
reductionist philosophy of science which treats certain laws 
(such as the laws of mechanics) as fundamental and all the 
rest as epi-phenomenal is responsible for the popularity of 
the deductive-nomological (D-N) model of explanation. 
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although Hempel, Grunbaum or Nagel, who had originally 
proposed the D-N model, would not themselves subscribe to 
such a reductionist philosophy. Grunbaum's view itself can 
be described as the generic-specific account of explantion 
whereby phenomenological laws are what fundamental laws 
amount to in the circumstances at hand but the fundamental 
laws are superior because they state the facts in a more 
general way. The generic-specific account and the deductive-
nomological model of explanation appear to support each 
other but it is not always strict deduction from fundamental 
equations to phenomomenological laws because a variety of 
different approximations have to be introduced on the way. 
These approximations are not always because of calculational 
difficulties or else rigorous solutions would be better; in 
fact (a) approximations may sometimes improve the accuracy 
of fundamental laws or (b) the order in which different 
approximations may be applied may be purely with an eye at 
getting some experimental fact right, whereas different 
choices of the order may give different, even incompatible 
results. 
As an example of case (a) Cartwright mentions the case 
of the exponential decay law which cannot be derived 
rigorously in quantum mechanics, whereas neglecting 
additional terms which are supposed to be small, exact 
exponential law can be derived which fits the facts. In 
other words the approximation we make here takes us closer 
to and not further from the truth. 
As examples of case (b) Cartwright cites the treatment 
of (1) the Lamb Shift in the excited state of a two-level 
atom and (2) the Lamb shift in the ground state of the atom. 
In the Weisskopf-Wigner method of treating exponential decay 
in spontaneous emission from a two-level atom three 
important approximations are made : (I) the rotating wave 
approximation (RWA) (II) the replacement of a sum by an 
integral over the modes (w) of the elctromagnetic field and 
the factoring out of terms that vary slowly in frequency and 
(III) factoring out a slowly-varying term from the time (t) 
integral and extending the limit on the integral to 
infinity. Now if we begin with the third approximation, and 
perform the t integral before we use the second 
approximation to evaluate the sum over the modes, we predict 
a lamb shift in the excited state. If we do the 
approximations and take the integrals in the reverse order — 
which is essentially what Weisskopf and Wigner did in their 
original paper — ve lose the Lamb shift. As a Lamb shift is 
in fact observed we do first (III) then (II) (i.e. the first 
t then u) order) but other than this there is nothing about 
the physical situation that indicates which order is right 
and the facts otherwise justify both procedures. From 1930 
to 1947 the first u then t order of approximation was 
accepted. In 1947 experimental Lamb shift was discovered and 
the original method was amended and one now makes the first 
t then to approximation. 
The Weisskopf-Wigner method, even when amended to 
obtain the shift in the excited state, fails to predict the 
shift in the ground state. Therefore, for the ground state. 
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another method namely Markov Approximation, leading to a 
master equation is employed, but in this method too the 
shift is obtained if the rotating wave approximation is 
applied to the master equation and the shift is not 
predicted if the same approximation is applied to the 
Hamiltonian instead. The only feature which justifies the 
rotating wave approximation in the case of spontaneous 
emission is the weakness of the coupling between the atom 
and the field. No further features of the interaction 
determine whether we should apply the approximation to the 
original Hamiltonian, or whether we should apply it to the 
master equation. The shift is consistent with Schrodinger 
equation, assuming weak interaction, but in view of the 
ambiguity about the order in which RWA is to be applied, the 
equation itself cannot be said to determine the shift. 
The inadequacy of the D-N model, the generic-specific 
account and the view that fundamental laws are better is 
particularly obvious in the field of Applied Physics and 
Engineering where one predominantly deals with 
phenomenological laws which provide detailed descriptions 
of what happens in ^real' situations. 
11.6. MODELS: 
The deductive character of scientific explanation is 
supposed to be secured on the conventional (logical 
empirical) views of Hempel, Grunbaum, Nagel and others by 
two kinds of propositions namely internal principles (i.,e. 
the laws of the theory) and bridge principles (which link 
the theory with , as is said, a^ vocabulary that is 
antecedently understood'). On this conventional view the 
central internal principle of non-relativistic Quantum 
Mechanics is Schrodinger Equation, while the bridge 
principle is von Neumann's algebra in Hilbert Space which 
gives the rules about states, observables and measurement 
results in terms of vectors and operators among other 
things. But the conventional view canot be right because 
after we have first an unprepared description of a 
phenomenon we (1) prepare a description i.e present the 
phenomenon that will bring it into the theory and then (2) 
dictate equations, boundary conditions, approximations etc. 
thus completing the theory entry as it were. But fundamental 
equations do not govern objects in reality; they govern only 
objects in models. Equations are chosen for a large part for 
their mathematical features and the descriptions that best 
describe are not the ones to which equations attach. One 
ends up therefore learning the bridge principles of Quantum 
Mechanics by learning a sequence of model Hamiltonians that 
fit only highly fictionalized objects. The so-called 
hydrogen atom of quantum mechanical text-books is merely a 
mental construct, and not part of any real hydrogen, because 
(1) you cannot quite isolate a single hydrogen atom in the 
universe and (2) spin of the electron etc. is always present 
(3) Lamb shift occurs even for spontaneous emission, e t c -
effects which are all neglected in ^model' calculations in 
the non-relativistic (non-field theory) versions. 
Ordinary Quantum Mechanics employs a small number of 
well-understood Hamiltonians to cover a wide range of cases. 
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But the small number of Hamiltonians is also a limitation 
which can be said to restrict the ability of the theory to 
describe the realistic situations fully. The requirements of 
the theory can, in this sense, constrain what can be 
literally represented, and can cause a ^false' description 
of physics. For example, the requirement of normalization of 
the free particle wave function in Quantum Mechanics is met 
either through ^6-function normalization', in which case the 
probabilities do not integrate to one, or through ^box-
normalization' in which case the potential at the walls of 
the box is assumed to become infinite. In both cases there 
is a distortion of truth. 
Few bridge principles, as in a theory like quantum 
mechanics, make possible a consensus of shared problems 
among physicists and the construction, evaluation and 
elimination of models of phenomena. Simple treatments with 
simple models give beauty and strength to contemporary 
physics and the same description deployed again and again 
(as, for example, that involving the harmonic oscillator 
whereby the hydrogen atom is sometimes pictured as an 
oscillating electron, or the electromagnetic field as a 
collection of quantized oscillators, or the laser as a van 
der Pol oscillator, etc.) gives explanatory power. But 
models in fact are ^anti-realistic' and therefore Cartwright 
calls explanations in physics as providing only a 
'simulacrum account^ , because, by definition, a simulacrum 
is 'something having merely the form or appearance of a 
certain thing^ vithout possessing its substance or proper 
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qualities'. 
A model in itself is a work of fiction but on the 
simulacrum account models are essential to the theory of the 
phenomenon. For example, unless you have models for the ruby 
laser or the bonding in benzene molecule etc., mere 
knowledge of Schrodinger Equation and construction of 
Hamiltonians for certain idealized situations would not 
suffice to give their theories. 
The simulacrum account differs from the semantic view of 
theories developed by Suppes and Sneed and van Fraassen 
because while van Fraassen holds that we are only entitled 
to believe in what we can observe, Cartwright believes in 
theoretical entities and causal processes as well as with 
^all sorts of unobservable things which are' ,. as she holds, 
a^t work in the world'. She is an anti-realist but with a 
claim that even as .^ . we want to predict only observable 
outcomes, we will still have to look to their unobservable 
causes to get the right answers'. She analyses the variety 
of senses in which physicists use the word ^realistic'. A 
model, for example, is realistic in a fist sense if it 
presents an accurate picture of the situation modelled 
(relation between the model and the world). On the other 
hand, a fundamental theory provides a criterion for what is 
to count as explanatory, and relative to that criterion the 
model is realistic - and this is the second sense - if it 
explains the mathematical representation (relation between 
the model and the mathematics).The conventional D-N account 
requires that the treatments we give for phenomena in 
12 
293 
physics must certainly be realistic in the first sense and 
preferably also in the second as well. But, claims 
Cartwright, successful treatments in physics can not be 
called realistic because they do not ^picture' the phenomena 
in an ^accurate' way, nor are they realistic in the sense of 
corresponding accurately to an ^explanation' as required by 
the theory. One can therefore have a simulacrum account, but 
not a too-realistic account (as that of van Fraassen's), of 
theories of physics. 
11.7. THE REALIST REPLIES: 
The reply of the ultra-realist phenomenologist to the 
anti-realist phenomenologism of Nancy Cartwright would be on 
the following lines: 
(1) Cartwright says that theory cannot describe an 
actual situation because it is always non-ideal but this may 
not be the situation for all times. 
(2) Cartwright seems to imply that whenever an 
approximation is made one is bound to depart from reality. 
This may be so in many cases but it is also true that if the 
approximation is of a convergent nature, the departure from 
reality might be an extremely small one (By a convergent 
approximation we mean expansion in terms of a small quantity 
such that the expansion is convergent). 
(3) Only very strictly speaking would a theory be 
always a departure from reality but in practice we could be 
extremely close to reality. 
(4) In a way all physics is phenomenological. 
Microscopic calculations in Nuclear Physics are only a 
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deeper level of phenomenology, while model-based 
calculations are called phenomenological in physics in any 
case. 
(5) Most of what Cartwright says might apply to actual 
macroscopic situations - physical, chemical or biological. 
It may not apply to microscopic situations where a theory 
might not be a serious departure from the reality. 
To the extent that the ultra-realist is right, 
fundamental theoretical laws of physics may also be taken to 
be stating th^ facts, just as Cartwright claims that 
phenomenological laws do in any case any way. 
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CHAPTER (7) 
S U M M A R Y A N D C O N C L U S I O N S 
CHAPTER (1): 
This was intended only as a general introduction to the 
rest of the chapters in the thesis. 
CHAPTER (2): 
Modern Science progresses by the interplay of 
theorization and experimentation. It is often implied that 
Galileo Galilei (1564-1642) was the first major proponent of 
the new scientific method. In actual fact, scholars of the 
European middle ages depended heavily on the ideas that 
originated with the central and west Asian scholars who 
wrote in Arabic and Persian languages during as early as 
tenth and eleventh centuries A.D. In the works of Ibn al 
Haytham (996-1012), for example, 've find quite explicitly 
all the elements of the modern scientific method namely 
observation, hypothesis-advancing and model-making, design 
of experiments to test the consequences of those hypotheses 
and finally upgrading the hypothesis to a lav if found 
correct'. The influence of Ibn al Haytham can be seen in the 
works of Roger Bacon (1214-1294), and the subsequent 
development of science in modern times. 
As of today, the stage of theorization has not reached 
the same level in different disciplines of physics. In the 
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study of nuclei, for example, one hardly has anything that 
can be classed as a proper theory except for very limited 
purposes. The difficulties are mainly those of a many-body 
problem which are compounded in the nuclear case by the 
nature of the the force. Whatever little nuclear theory that 
exists is phenomenology of one kind or the other, even when 
couched and camouflaged as microscopic theory. 
Scientific methodology in physics is also characterized 
by the following general features: 
1) Old ideas keep coming back; as, for example, when we 
see that 
a) The photon is the heir to Newton's corpuscle, or 
b) Today's about ninety stable or fairly stable 
elements are a revival of the idea of four basic elements 
constituting the world as conceived in ancient philosophies, 
or 
V,) Today's idea of the atom is a reminder of the fact 
that theories about atoms had been mooted as early as 
thousands of years ago. 
2) People do not have monopoly over ideas; as, for 
example, when we see that 
a) the idea of the nucleus was first given also by a 
Japanese physicist (apart from Rutherford), 
b) idea of synchrotron action was also given by Veksler 
in Europe (apart from Mcmillan), 
c) the idea that the nucleus consists of neutrons and 
protons was also given by Ivanenko of Russia (apart from 
Heisenberg), and 
d) the idea of the wave theory of light was also given 
by Euler (apart from Huygens) , but it was given by him for 
pulses rather than for continuous waves. 
3) Research today sometimes involves not one or two 
persons but rather entire teams of workers: 
This is particularly so in Nuclear and Particle 
Physics. This means that costs of doing experiments can also 
be enormous. For reasons of costs and for other reasons as 
well, this has resulted in centers such as CERN in Europe 
or, at a smaller scale, the Regional Sophisticated 
Instrumentation Centers in today's India to be established. 
4) A further division of physics into theoretical or 
experimental is a relatively recent development: More 
recently, theoretical work in physics has been further 
divided into either Theoretical Physics (which is concerned 
mainly with doing physics using mathematics with emphasis on 
the former) or Mathematical Physics (which is concerned 
mainly with mathematics and uses physics as an excuse to 
apply advanced mathematical methods). In India such a 
separation does not appear to have taken place even now and 
genuine mathematical physics does not really appear to have 
grown in Indian universities. 
30.i 
In recent times, four ineta-principles have been used by 
physicists as heuristic guides with varying success. These 
are as follows: 
1) The Observability Doctrine: according to which only 
those qualities should be introduced in physics which are in 
principle observable. On closer examination, it is found 
that in constructing theories of physics many unobservable 
quantities are also found to have been used or investigated. 
2) The Principle of the Unity of Nature; In one 
version, this principle refers to the ontological belief 
that the whole of nature consists of a single substance. In 
another version, this principle refers to the methodological 
belief that all of nature is amenable to the same kind of 
theoretical treatment. Many examples of it can be given. 
3) The Principle of Plenitude: According to this 
principle, if something can be conceived as possible it must 
have physical reality also. This principle has been used to 
argue for the existence of new elements in the periodic 
table, of anti-electrons, tachyons, magnetic monopoles, 
particles of higher spin, etc. Arguments based on this 
principle amount to attempts at trying to deduce physics 
from mathematics and stand in opposition to the empirical 
inductive methods praised by positivists. 
A) The Principle of Mathematical Beauty: According to 
Dirac and others, in addition to simplicity, beauty of 
mathematics was also important and if a clash took place 
between simplicity and beauty the latter must take 
precedence. It amounted to making mathematics something 
absolute like God. It was a sort of neo-Pythagoreanism. On 
closer scrutiny we find however that Dirac himself discarded 
his principle, as when in 1958, he rejected Lorenz 
invariance for writing Einstein's equation for gravitation 
in Hamiltonian form. Similarly, Pauli's rejection of the 
two-component equation of the neutrino was also misconceived 
because parity was indeed found to be violated in weak 
interactions as shown later by Lee, Yang, Wu and others. 
Moreover, Dirac's persistent efforts at deriving an 
aesthetically satisfying quantum field theory all ended in 
failure. 
Edmund Husserl (1859-1938), a mathematician who turned 
to philosophy, was the founder of phenomenologism in modern 
times. He tried to rid the theory of knowledge of too much 
^psychologism'. Husserl affirms the objective reality of 
objects of thought while he has it, like Brentano before 
him, that mentality is always intentional and directed 
towards an object of thought. Husserl affirms the existence 
of individual concrete things and says that these are known 
through perception. Thought and perception, he says, are two 
ways in which we grasp an object with intuitive certainty. 
The object may appear differently to a subject from various 
points of view and these appearances, according to Husserl, 
can be infinite in number. Science is concerned not so much 
with subjectivistic appearances but with concrete objects of 
experience which are real. The object itself is one and 
self-identical, therefore it and its qualities are 
transcendental whereas thought-determinations that science 
adds to mere perception of the concrete objects while being 
universals are nevertheless not concrete or real. 
In more recent times, Nancy Cartwright has argued for 
phenomenologism by saying that theoretical entities of 
physics are real but theories themselves are merely helpful 
guides for organizing data and are not necessarily ^true' or 
^real'. She, unlike van Fraassen or Duhem, believes in 
causes and is therefore not an extreme anti-realist like 
them. 
As against Husserl or Cartwright, Roger Penrose affirms 
Platonic idealistic realism when it comes to mathematical 
theorization in physics. 
Use of phenomenologism has led to many insights in 
physics, as for example the fact of the relativity of 
magnetism, or the experimental fall of intensity of 
radiation incident on a block, or Cauchy's formula in 
optical dispersion leading ultimately through Kramers and 
Heisenberg to the discovery of Matrix Mechanics, or the 
Dulong and Petit's law leading ultimately to quantum theory 
of specific heats etc. 
At Aligarh attempts have been made to give serai-
empirical formulas for hypernuclear binding energies 
/excitation spectra. As explained in the text, this approach 
need not be thought of as too simplistic. 
There is also scope for an intermediate phenomenology 
where formulas can still be kept in manageable form while 
numerical results can be generated in a short time. The main 
aim of semi-empirical, as also intermediate phenomenologies 
is to be able to make new predictions. 
As illustrations of the semi-empirical and 
phenomenological approaches of scientific investigations in 
physics, we give in the text examples of calculations done 
by us. These include: 
a) Low energy A-p scattering and p-shell hypernuclei 
[Ansari 1986] 
b) A-wave functions and densities of Nuclear Cores of 
some p-shell hypernuclei [Mujib 1979, Ahmad 1985] 
c) A-binding in some light nuclear isobars, and 
d) A-A force from the study of AA-hypernuclei. 
We also report on some other phenomenological studies 
by us as for example in Atmospheric Physics and comment on 
the chaos associated with Cold Fusion. 
CHAPTER (3): 
We noticed several general features in our attempt to 
view the area of mathematical improprieties in physics; 
these were: 
a) Ignorable infinity 
b) Principle of permissible infinity 
c) Principle of elimination of infinity 
d) Principle of defining improper quantities 
We have, however, commented on these features in passing 
and have in fact considered some aspects of mathematical 
. improprieties in quantum and then classical physics in that 
order. Our treatment can be summarized as follows: 
The language of physics is syntacto-semantics in the 
sense that mathematics provides the logical syntax 
(syntactics) to which is added a specific physical 
interpretation (semantics or meaning) to provide a complete 
physical theory. As we mentioned in connection with 
phenomenologism, the same material structure may be 
described by several mathematical structures, each with its 
own corresponding physical interpretation. At the same 
time, the same kind of mathematical equations may describe 
varied physical phenomena, differing widely from each other 
in physical content. The relationship between physics and 
mathematics is therefore a rather complex one. 
As for use of mathematics in physics certain techniques 
are very common. As the differential equations commonly used 
are mostly linear, it follows that the superposition 
principle has wide applicability. Moreover, dynamic systems 
theory has it that the set of coupled differential equations 
dx n 
——= F{x , cj n = 1, N m = 1, M 
cannot generally be assumed to be stable for N>2 and as an 
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nth order differential equation can be written equivalently 
as n first order differential equations, it is clear that at 
a fundamental level, most physical phenomena are described 
by only first or second order differential equations. 
Thorn in his ^Theory of Catastrophes' presents the view 
that fundamental processes of nature like morphogenesis must 
be described by topologies in dynamic 4-dimensional space-
time rather than static 3-dimensional spaces. 
The ideaof causality was attacked also by philosophers 
like John Locke. More recently, the advent of chaos or 
deterministic randomness has been mooted in place of 
deterministic predictability. Chaos affirms Maxwell's old 
saying that ^ the true logic of this world is the calculus 
of probabilities.' 
For the mathematician, in Hilbert's words ^The infinite 
is nowhere realized; it is neither present in the nature nor 
admissible as the basis of our rational thinking; a 
noteworthy harmony between being and thinking'. Moreover, 
solution of the differential equation of a physical problem 
is taken to be finite, single-valued and continuous 
everywhere. But several examples of improprieties occur when 
it comes to the actual situation that obtains in physics. 
Examples are given below. 
A function may be square-integrable as required in 
quantum mechanics but it may not be differentiable in the 
normal sense (as, for example, is the case with Heaviside 
function). The small error in the initial condition will in 
general not lead always to small error in the final value of 
the solution of the differential equation. Moreover, matter 
on the classical atomistic model may not be continuous. 
Spinor wave functions in quantum mechanics can be double-
valued. The 5-function, though an improper function, is 
widely used in quantum mechanics. The free-particle wave-
function in quantum mechanics is not square-integrable. 
The usual reason given for why cos kr/r is an 
unacceptable solution for Schrodinger time-independent 
equation for 1=0 for the 3-D square well is that cos kr/r is 
irregular at r=0. There is no compulsion to reject cos kr/r 
a priorily on the grounds of the singularity at r=0 because 
2 the probability m volume element being cos kr dr sirn? di> 
d(p is not singular anywhere. 
One possibility for rejecting cos kr/r is the principle 
of preference for Cartesian coordinates a la Dirac. 
According to this principle, the wave-function satisfying 
the Schrodinger equation for a central field of force in 
spherical polar coordinates must also satisfy the same 
equation in Cartesian coordinates. Therefore sin kr/r is 
acceptable because it is a solution of the Schrodinger 
equation in Cartesian coordinates for all r but cos kr/r is 
unacceptable because it is not such a solution at any r 
except at r—> oo if at all the potential extends upto there. 
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By integrating over a small volume around r=0 it can, 
however, be shown that cos kr/r is not a solution at r=0 
even in spherical polar coordinates. Rather it is a solution 
2 
of the equation V ijj = -4nA6(r) at r=0. As empirically it 
could be decided if, in the region excluding r=0, inclusion, 
or otherwise, of cos kr/r is more correct, it could also be 
decided as to whether Dirac's Cartesian Preference rule, or 
the reason given here, is the more valid reason for 
rejecting cos kr/r in this case. 
The nature of results in the above sense remains the 
same for 1 =/= 0 as it is for the case of 1=0. 
Flux in quantum mechanics is defined as 
S ( r , t ) = - ^ - {<p*V<p - (V<p*)<p} 
2im 
7> + i k r A e 
which —> 00 as r —> 0 for (p = . But if flux into or 
r 
out of a spherical volume is considered, that is not regular 
anywhere. 
The flux at a point is an abstract mathematical 
quantity because if it is known more precisely it will also 
be violative of the uncertainty principle. The flux across a 
surface being independent of r is quite acceptable. The 
» +ikr A e 
singularity associated with at r = 0 is, therefore, 
r 
physically unimportant. 
In scattering problems, the mixing of regular and 
irregular solutions outside the region of the scattering 
11 
'•If)'^ 
potential uniquely determines the phase shift. Inside the 
potential only regular solution is taken because of r = 0. 
At some point the interior and exterior solutions are 
smoothly joined. If a prescription involving exclusion of 
irregular solution from interior region were not available, 
quantum mechanics would have required laying down of an 
axiom on the mixing of the two solutions starting at r=0 in 
an ad hoc manner. As it is we have been saved from such ad 
hocism. 
In quantum electrodynamics, mass and charge 
renormalizations amount to subtracting one infinity from 
another to get a finite result. This is nothing short of 
blasphemy but when we compare calculated results with 
experimental measurements we get outstanding agreements. 
Such is the case, for example, with the Lamb Shift and the 
Anomalous Magnetic Moment of the electron. 
This subtraction of infinities also occurs in the 
standard model where, for electroweak interactions, if only 
the leptonic sector is taken into account, one gets 
anomalies but when both the leptonic sector and the quark 
sector are considered, the anomalies associated with these 
sectors are mutually cancelled. 
In many physical situations, descriptions in terms of 
potentials is used which however become infinite or 
discontinuous at selected points. The infinities have 
various interpretations, for intermolecular forces, it is 
12 
the impossibility of inter-penetration of two electron 
clouds beyond a point. For inter-nucleon forces it is the 
exchange of heavier mesons responsible for the hard core. 
For inter-quark (as also for inter-nucleon) forces harmonic 
oscillator potential is used to severely confine particles 
to selective regions of space. 
4 
In Rutherford scattering because of cosec i>/2 term in 
the differential elastic cross-section, the total elastic 
scattering cross section goes to infinity. What this means 
physically is that all the particles of the beam would be 
scattered in that case and this number is always finite. 
Dirac's relativistic equation implies an infinite sea 
of negative energy electrons. This implies infinite matter 
and charge densities at every point of space for a Dirac 
particle. This is eliminated by saying that it is improper 
to apply a one-particle equation in this many-particle 
situation but the correct approach is that of the field 
theory. A principle of elimination of infinity is thereby 
indicated. 
The Green function is an example of improper integral. 
It is a solution for a 5-function source but it leads to the 
solution for finite size sources. Although G(R,z), where z = 
A.+is, is not well-defined, one can define 
G~(R,A) =gLtQ+ G(R,X+is) 
which are well-defined and can represent outgoing or ingoing 
± ~ + — 
spherical waves. With the help of G,G as also G=G -G one 
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can study the l-D, 2-D and 3-D free particle cases. Poles of 
G(z) decide whether bound states occur. For a weak potential 
well it can then be shown that in l-D and 2-D wells a bound 
state exists no matter how shallow the well, but in 3-D a 
critical condition has to be fulfilled before a bound state 
is possible. Applications of this approach include trapping 
of electrons by a 5-function single-impurity-atom attractive 
potential in crystalline solids or the effect of a very 
slight attractive potential between a pair of fermions 
leading to superconductivity. It is concluded that 
mathematical impropriety as in the form of poles of Green's 
function can be quite pregnant with physical meaning. 
The use of the causality condition (namely that the 
time the projectile spends in a scattering region is s 0) 
gives valuable information about the analyticity of the S-
matrix and helps one interpret the poles of the S-raatrix 
physically. Poles on the negative real axis of the so-called 
physical sheet correspond to bound states. Poles on the 
negative real axis of the unphysical sheet correspond to 
virtual states while resonance states correspond to poles 
close to the positive real axis on the unphysical sheet. 
Self-energy of the electron, the Generic Big Bang and 
the Black Holes are three examples of singularities that 
occur in classical physics. 
In the case of diffusion of neutrons (assumed for 
simplicity to be of a single velocity) in a nuclear reactor 
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in spherical geometry, the rejection of the solution cos 
Br/r is based on exactly the same logical grounds as were 
discussed in connection with rejection of cos kr/r in the 
case of the 3-D square well in quantum mechanics. For 
cylindrical geometry, the rejection of Y (Ap) is based on 
similar grounds. The argument for using averaged rather than 
point flux also remains similar in that even if 0(p) is 
singular, 0(p) is not if we define 
0(P) 
Pi 
P2 
I Pdp 
with p >p>p , and {p -p )/p small. Whether it is neutron 
flux 0 in a reactor or the question of temperature T in 
heat conduction, quantities like <p, V0, T, VT etc. taken at 
a geometrical point do not have an operational meaning 
except in the sense of averages over extended though small 
volumes. Moreover, since experiment seems to be in accord 
with the irregular as well as the regular solutions being 
both present in regions from where the point of singularity 
has been excluded, Dirac's Cartesian Preference principle 
does not seem to hold in such cases of classical physics. 
Following Stephen Hawking it is now argued that that the 
problem of initial conditions has been done away with with 
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regard to the origin of the universe. Use of quantum theory 
near the Big Bang singularity involves imaginary time which 
behaves like space and space is, as has been known* finite but 
unbounded. Near black hole singularities, classical time 
comes to an end and it can not even be defined before the 
Big Bang, whereas it can be defined subsequently by way of 
analytical continuation. One therefore says that being comes 
from non-being and that in terms of imaginary time of 
quantum mechanics, the singularity at the generic big bang 
disappears in the classical sense. 
The perturbation approach in quantum or classical 
mechanics actually involves infinite series and in nuclear 
and particle physics these are far from convergent and are 
mathematically meaningless but, as has been remarked earlier, 
the physicist uses them, appealing to agreement with 
experiment as the ultimate argument. 
It has been argued by some (as e.y. by Thorn with his 
catastrophe points), that occurrence of infinities, instead 
of being an embarrassment, can turn out to be benign. 
Moreover, as shown earlier, a quantity taken as infinite in 
one framework (as e.g. superconductivity in London's 
phenomenological approach) is quite finite in the other 
(e.g. BCS theory). 
It is suggested that developments in quantum mechanics 
have encouraged departures from rigidly defined positions 
and assertions in pure mathematics as e.g. Brouwer's 
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intuitionism in which the law of the excluded middle is 
criticized, or use of fuzzy sets in electronic devices, or 
Godel's proof of the impossibility of simultaneous 
consistency and completeness of axioms in mathematical 
logic. 
It is concluded that the problem of adding physical 
interpretations to mathematical syntax used in physics is an 
area of on-going physical research in which newer and more 
interesting surprises are in store for the physicist. 
CHAPTER (5): 
The problem of the finite and the infinite in terms of 
the so-called relational and the absolute is carried on in 
this chapter with regard to space, time, matter, motion and 
cosmology. 
Several people had speculated about the nature of 
space, time, matter and universe etc. since times 
immemorial. We mention a few of the views from Ancient India 
and Ancient Greece. These views debated whether time, space 
and matter etc. were finite or infinite (eternal), or 
whether they were infinitely divisible or were indivisible 
beyond a point, etc. A view about cyclicity of time treated 
events as endlessly repeating themselves. 
Mythology played a more significant part in the 
earliest times than now/ but it has its votaries even today. 
It is the object of positive science to separate the wheat 
from the chaff and reduce myths to realities wherever 
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poss ib l e . 
Similar considerations apply to medieval and modern 
Muslim and Christian views. We consider three views, namely 
those of IJchwanal Safa, Al Biruni and Ibn Sina as 
representative of medieval Muslim ^scholasticism'. 
The Ikhwanal Safa, following GreeJ^ views, regarded the 
universe as an ontological hierarchy. God creates the Agent 
Intellect which creates the World Soul which is responsible 
for motion or activity of matter which is otherwise inert. 
They, like Pythagoras before them, believed in the mystic 
values of some numbers. Arguing that the higher influences 
the lower they proscribed powers of influencing events on 
earth to the seven planets, powers they said were given to 
the planets by the World Soul in lieu of Agent Intellect in 
lieu of God. 
Al Biruni believed in Astrology but not in Alchemy. He 
disagreed with Aristotle on a number of points. He disagreed 
with the view that the motion of celestial bodies must be 
circular and can not be elliptical. He disagreed that the 
elements composing the world necessarily have ^natural' 
locations like fire in the heaven, the air above, water and 
earth below , etc. He disagreed with Aristotle that time was 
infinite or that an infinite void existed beyond the 
universe. He agreed with the Atomists and disagreed with 
Aristotle that matter can not be infinitely divided, 
advancing the argument of Zeno that infinite divisibility 
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implied negation of motion itself. He was of the view that 
in order to arrive at the truth, one must use observation 
and experiment along with logic , wherever possible. He 
allowed for the possibility of a heliocentric, as opposed to 
geocentric universe but himself held onto the geocentric 
view saying that it is very difficult to decide between the 
two and that for actual astronomical purposes the difference 
did not seem to amount to much. 
According to Ibn Sina creation comes from God and 
returns to Him. Creation is a process of emanation (faiz) 
while the return is a process of love (ishq). The hierarchy 
is creator, intellect, soul, nature and elements. Angels 
personifying the pure intellects, move the heavenly spheres. 
The first element was a point, which, acted upon by nature, 
was extended to a line, then a plane and finally a three-
dimensional body. Having become a body, it was then acted 
upon by the force of motion (tahrik) of nature and the power 
of ordering (tadbir) of the soul. Ibn Sina rejects the 
Aristotelian idea of matter or hyle as potentiality and like 
the neo-Platonists regards matter's existence only as an 
actuality. He says matter has need of multiple causes for 
its existence. Space and time are not independent but two 
conditions of corporeal manifestation. Beyond the universe 
there is no space because there is no corporeal existence. 
As regards ^atoms', his view is that a body is potentially 
infinitely divisible but actually the process of division 
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cannot be carried out indefinitely. As regards time, it was 
potentially infinitely divisible but temporal point-moments 
(^instants') do not have a real (haqiqui) but only an 
imaginary (tawahhumi) existence. 
Although he says that motion involves an origin and an 
end, his teleology is derived from the theory of natural 
location of the four elements. A moving body, however, 
receives an inclination (mail) from the mover which permits 
it to move but then ^mail' is just another name for the love 
which pervades the whole of the universe, so that the 
relation of the mover to the moved is not just that of the 
soul to the body but also as of the beloved to the lover. 
Ibn Sina's philosophy, therefore, pays homage also to the 
gnosticism of the Sufis who were the Muslim mystics. All 
sciences of nature have for their purpose the knowledge of 
the essence of things in relation to their divine origin, 
i.e. science should study not just the phenomena but 
phenomena in relation to noumena. In his scheme of things, 
metaphysics should precede physics. Science derives from 
reason and senses, but finds its meaning only in the light 
of wisdom which lies above the domain of senses as well as 
that of reason. 
From the thirteenth to the sixteenth centuries A.D. 
transfer of the Muslim corpus into the Christian world took 
place by way of latin translations in Spain and Sicily and 
elsewhere. Opinions such as those of Al Biruni, Ibn Haytham, 
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Ibn Sina, Ibn Rushd and others paved the way for European 
reawakening leading eventually to European classical physics 
which saw its triumph in Newtonian Mechanics and later, in 
the nineteenth century, to Maxwell's Electromagnetic Theory. 
The seed of the Scientific Method although planted by Ibn 
Haytham and others in as early as tenth and eleventh 
centuries A.D. grew to a tree of epoch-making dimensions in 
post-renaissance Europe and continues to benefit the world 
in a remarkable way to this day. 
As for space and time, it was the idea of the infinite 
void of the early atomists like Democritus and Lucretius 
etc. which provided the basis for Euclidean space, and which 
in the hands of Newton became absolute space, whereas even 
Aristotle had thought of time as infinite. Leibniz rejected 
Newton's idea of absolute space, saying it was introduced 
without sufficient thought. During the last century, Mach 
criticized Newton by saying that the latter's absolute space 
and absolute time were ideas that were not observable. For 
Einstein, the notion of the spatial character of reality 
took initially the form of the four-dimensionality of the 
field so that there was no empty space, that is there was no 
space without a field. But whereas Mach had wished that 
ontologically space-time should be subordinated to matter, 
it could not be achieved in Einstein's General Relativity 
because of the nature of boundary conditions etc., except in 
a modified form by Wheeler, who showed that geometrodynamics 
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(4-D geometry of space-time) can be determined, if, for a 
finite universe (i.e. spatially closed universe with non-
infinite curvature), the distribution of mass and mass-flow 
is given. 
Historically, the absolutist and the relationist points 
of view have altered in importance. Today, after the works 
of Einstein and Stephen Hawking we have advanced to the 
notion of space and (imaginary) time as being finite but 
unbounded. In looking at the nature of relationist 
construals of space and time, we observe several 
similarities as well as possibilities for further research. 
We notice that the use of the word * space' can be 
avoided without loss from statements such as (1) ^empty 
space is a poor conductor', (2) ^magnetic permeability of 
-7 
empty space is 411x10 henries per meter' (3) ^permittivity 
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of empty space is 8.55x10 farads per meter:and (4) ^Speed 
8 ' 
of light m empty space is 2.9978x10 meters per second,etc., 
but the latter program entails relativization of space and 
time, including simultaneity, in the spirit of Einstein. The 
Einstein program defines absolute motion as motion with the 
same relative speed with respect to anything whatsoever, 
regardless of that thing's motion relative to anything 
whatsoever. Statements about geometry of space are reducible 
to statements about measuring distances. By certain axioms 
of distance measurements, it can be argued that absolute 
distances do not imply absolute space. 
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Time can be treated like space in most cases for the 
purpose of relationist construals. Even a diagram like (a) 
below does not mean that time is different from space 
because objects cannot be in two places at the same time.or 
objects cannot move back and forth in time, if we define a 
principle of individuation whereby every point on a spatio-
temporal curve from one point-instant within an object to 
another point-instant within that same object lies within 
that object itself. 
r I 
Fic . (slj Two bodici run togeihcT, fiue, and then vamih ' FlC. {\))A car which has ben: dnicn awny from some 
position and thai driven back into that position 
As in the case of space, one can reduce statements 
about absolute time also to statements about ineasurements of 
time intervals by imposing certain axioms of time 
measurements. One can talk about action-over-a-temporal 
interval like action over a distance, but this involves 
models of causation different from the normal. One can even 
have ^frozen' universes in which no change occurs over a 
finite interval of time. As to the question of time having a 
different topology, it has been investigated by Hawking, 
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Penrose and others on the basis of quantum cosmology and 
remains still an open-ended question to some extent. 
Philosophers like Smart, Quine, Reichenbach and Russell 
have proposed a tenseless language in order to avoid the 
illusion that time is something that flows. On the other 
hand, other philosophers like Broad, Gale and Prior have 
opposed such moves. If tenses are treated as purely 
indexical, a static situation, as with space, occurs and the 
problem of flow does not arise. Moreover, simultaneity is 
taken as absolute in standard tense discourse (as also in 
some theories of time flow), but, as is well known, 
simultaneity is relative and there is no such thing as The 
Present in a universal sense. 
Asymmetry of time, as something distinct from the 
symmetry of space, can not be established by saying that 
causes occur earlier than effects or on the special plea 
that our knowledge about the past is of a different kind 
from our Knowledge about the future. It can also be argued 
that 'one direction of time is different from the other' 
cannot be established by takihg the 2nd law of thermodynamics 
and treating entropy as a measure of disorder. If, on the 
other hand, it is the outward flow of energy from the galaxy 
that is responsible for our feeling for time asymmetry, then 
time should flow backwards or come to a stand-still within 
or at the black hole. Hawking has argued that it is the 
expansion of the universe as a whole that is responsible for 
24 
m 
the ^arrow of time', yet if the universe is to retract, the 
arrow of time will not reverse in the contracting phase. 
Hawking has also shown that near the Big Bang singularity, 
imaginary time behaves just like space and that though 
space-time has boundaries at singularities in real Lorenzian 
time, it has no boundaries in the imaginary direction of 
time. 
CHAPTER (4): 
The failures of classical physics which led to 
proposals of quantization by first Planck and then N.Bohr 
are well-known, as are the postulates due to Bohr. We look 
first at some historical aspects of the old quantum theory 
and then look at some of its possible useful applications 
and philosophical implications. 
The idea of quantization of material motion was given 
by A. Haas in 1910 itself. Angular momentum quantization was 
already being used by J, Nicholson in 1912. The formula for 
the frequency of the quantum was a contribution of Bohr 
himself. Moreover, it was Bohr who first pointed out that 
the spectrum emitted by the star Zeta Puppis was not so 
1 1 
much a kind of half Balmer series 2- —> 2, 3 — > 2 , 3- —> 2 
2 2 
etc. of hydrogen but that it was the spectrum produced by 
ionized helium. Fowler confirmed this by laboratory 
experiments. Soon several spark spectra could be explained 
as due to different multiply ionized atoms. Rutherford 
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appreciated Bohr's ideas about the origin of spectra but 
criticized Bohr by saying that the theory seemed to assume 
that the electron knows beforehand where it is going to 
stop. He also felt that Bohr's papers were much too long and 
should be cut down in size. Sommerfeld felt that calculation 
of the Rydberg constant on Bohr's theory was indisputably a 
great achievement, and commented that Bohr's paper will mark 
a date in theoretical physics. Einstein also thought that 
Bohr's theory was one of the greatest discoveries. However, 
scientists at Gottingen felt that Bohr's ideas were too 
fantastic to be taken seriously. Jeans also felt that there 
was little justification for Bohr's ideas except that they 
led to success in describing some of the spectra observed. 
Bohr himself had occasions to doubt the validity of the 
foundation for the whole theory, and himself referred to his 
assumptions as ^horrid'. His words were that he was 
* inclined to the most radical ideas', and that he considered 
^the application of the mechanics as of only formal 
validity'. 
As to applications of Bohr's theory, we consider two 
cases, namely (1) the one-dimensional exponential potential, 
and (2) the Saxon-Woods potential. 
In case (1) , by comparing the results with the exact 
Schrodinger equation solutions, we point out why it would be 
more correct to take n=l rather than n=0 as the ground state 
in 3-dimensions. In case (2) , we use a ^deficiency factor' 
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to show how results obtained from Bohr's theory and by-
solving Schrodinger's equation can be brought into agreement 
to within 1-2%. Also, for a potential of infinite size, the 
ground state coincides with the bottom of the Saxon-Woods 
well in agreement with the more exact Schrodinger 
calculations. 
We point out that Bohr's approach is tantamount to 
minimizing the expression for the total energy of the 
electron in the presence of the proton etc. Weisskopf used 
this approach to study some atomic problems. An alternative 
approach is also indicated wherein it is shown in the case 
of the harmonic oscillator, and of the particle in one-
dimensional box, that one obtains the same n-dependence for 
the quantized energy, as from the exact calculations. 
Bohr's theory was only a stop-gap arrangement. It had 
nothing to do with uncertainty and probability at the 
fundamental levels which were the hallmarks of the new 
quantum theory. Bohr's theory was therefore soon replaced by 
quantum mechanics and by quantum field theory. 
CHAPTER (6): 
Theories of everything (TOE) carry, as someone said, 
seeds of their own destruction. In contemporary Physics, 
Supergravity and the Heterotic Superstring were being 
promoted as such TOE's. A certain kind of causality also 
operates in religion and religion is mooted as a TOE by 
assigning a role in it to Divine intercession. 
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Physicists like Mott respect religion for historical 
reasons and for purposes of communal fellow-feeling. 
Narratives in religious texts need not be so much a matter 
of truth in the scientific sense as a matter of faith and 
compassion. 
Mercier says that there is a complementarity between 
philosophic and religious thought and he credits Bohr for 
influencing him on this score. He decries polytheism for 
postulating imperfect deities whereas unity of nature points 
to a perfect God and monotheism. Mercier thinks that triadic 
sets of concepts, of which he gives several examples, help 
one to understand the universe better. He cites Newton as an 
example of a Trinitarian in physics. Mercier is critical of 
Islam for treating trinity as avoidable polytheism. His 
criticism that Islam has given up the spirit of dialogue 
between man and God is not wholly correct because Islani 
reveres the dialogue of Moses with God on Mount Sinai as 
well as the dialogue of Abraham with God at the time of the 
test of the sacrifice for his son. As to mysticism of 
numbers, this is a form of neo-Pythagoreanism. Mercier's 
views tend to suggest that one should look for Christian 
aspects in science. However, the views that we should have a 
Christian science or a Muslim science or a Hindu science are 
not altogether baseless, and there are serious groups trying 
to promote such systems in different parts of the world. 
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In trying to develop a common view of religion we 
emphasize the iconic theory of religious texts and idols. 
According to Peirce and Morris, not only idols and religious 
texts but scientific and literary texts can all serve as 
icons. As works of art, religious texts also involve 
emotional interpretants and therefore invoke an aesthetic 
response. But then as aesthetics can also be universal, we 
propose that in a certain sense descriptive monotheism, 
however radical, and pagan idolatry, however primitive in 
form, can still be regarded as just different manifestations 
of the same universal feature. 
In comparing religion with magic we notice that in 
magical systems it is usually the evil i.e. Satan or devil 
that is worshiped, whereas in religion the devil is treated 
as a sure enemy of mankind. Levy-Bruhl made a special study 
of magic and concluded that the primitive man saw only the 
direct connection between first cause and final effect, 
failing to see the intervening relationships. According to 
positivism, ancient mythologies gave way to metaphysics and 
that in turn to positive science. However, an appreciable 
body of primitive practices, as well as metaphysics, 
continue to survive as part of existing systems, and 
instances are not wanting when these remain independent of 
the scientific method and of cause and effect. 
In rationalizing about Islam we notice that ancient 
Greek physics and philosophy served as sources of Islam. The 
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systems preached by the Stoics, the Pythagoreans, the 
Eleatics, Anaxagoras, Socrates, Plato, Aristotle etc. are 
all reflected in the Quran and/or the practices of Muslims. 
The Quran itself praises pursuit of philosophy and science 
but only in so far as they do not deny God. This creates a 
number of difficulties for the followers of religion. As far 
as Islam and similar systems are concerned we mention four 
such specific difficulties. These are: (1) the account of 
the Creation of the Universe, (2) the Age of prophet Noah, 
(3) explanation offered for the shooting star phenomenon and 
(4) the description of the universe as seven-heavened. 
The Quran was a revolutionary document in so far as it 
went beyond primitive beliefs and mythologies and involved a 
considerable extent of metaphysics but in so far as 
metaphysics can be criticized, so can religion be criticized 
that is based on that metaphysics. In that sense, if science 
is fallibilistic, so must be religion also. Certainly, for 
science, there is need for periodic integration within a 
particular science like physics, as well as need for an 
inter-science integration . With the growth of an integrated 
world view based on different sciences, certain aspects of 
religion may lose their fallibility but certain other 
aspects, asi for example, those dealing with goodwill to 
others, or communion with God» will continue to play 
significant roles in the lives of people, emphasizing the 
need for an interpretation of religion which can be 
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considered as enlightened. 
APPENDIX (I): 
In this appendix, we outline the conceptual foundations 
of quantum mechanics as they evolved in their formative 
stage and come to the conclusion that the advent of quantum 
mechanics in modern times became associated with a further 
tilt towards relationism. This is intended as a prelude to a 
later assessment of the philosophical interpretations of 
quantum mechanics following the proof by Bell of the 
violation of certain inequalities by conventionally 
developed quantum mechanics, and the associated questions 
being hotly debated today of non-locality, completeness and 
reality in quantum mechanics, being the subject of much 
current research all over the world. We intend to 
investigate these and related issues in detail later 
elsewhere. 
APPENDIX (II): 
In this appendix we summarize Cartwright's arguments 
for phenomenologism as anti-realism in modern times. We 
conclude that Cartwright's arguments do not differ all that 
much from those of Husserl. The realist counter-arguments 
are duly recorded and once again the question, especially in 
quantum mechanics, of realism a la D'Espagnat and Bohm (as 
against anti-realism of van Fraassen or Cartwright) is only 
alluded to, to be developed more fully later elsewhere. 
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Abstract Phenomenological two-body central AN potentials with possible state and spin 
dependence but without any hard or soft cores are used to analyse the existing low-energy Ap 
scattering data. Our object is to see how far these free-state AN potentials can account for 
the BA data of p-shell hypernuclei, ^He and A binding to infinite nuclear matter when a 
suitable three-body ANN force is added to these two-body potentials. The main aim of this 
work is to point out that by adding the ANN force it is possible to choose effective AN 
potentials whose two-body part is the same as the free AN potential. We are able to find 
several such potentials. Out of many equivalent parameter sets accurate F/B data may place 
severe limitations on the /= 1 part of the potentials, thus eliminating unphysical parameter 
sets. Therefore, a strong case is made for obtaining accurate F/B data. 
1. Introduction 
Low-energy A-proton scattering data have been reported by Alexander et al (1968) and 
Sechi Zorn et al (1968). In the past these data have been analysed using the effective range 
approximation involving either the usual four parameters, i.e. scattering lengths and 
effective ranges in the singlet and triplet states (Alexander et al 1968, Sechi Zorn et al 
1968), or only two parameters (De Swart and Dullemond 1962, Fast and De Swart 1969), 
arising as a result of the strong correlations between the four parameters. Because of the 
rather large experimental uncertainties, good fits could be obtained for a wide variety of 
values of these parameters. To restrict the choice of the effective range parameters, 
additional data (Herndon and Tang 1967, Dalitz et al 1972, Nagels et al 1977, 1979, 
Bamberger et al 1973, etc) such as ground-state binding energies and/or, in some cases, the 
position of excited states of s-shell hypernuclei, the position of the Ap resonance and low-
energy Lp scattering data were analysed along with the low-energy Ap scattering data. 
Even then the effective range parameters from various analyses have a fairly wide range of 
variation. 
Recently considerable interest has been generated in understanding the baryon-baryon 
interaction in terms of the quark structure of the baryon. So far only preliminary studies 
have been made and these have not turned out to be satisfactory. We have, therefore, 
followed a phenomenological approach of getting the AN potential from low-energy Ap 
scattering data. This potential, along with an effective three-body ANN force, has been 
used to account for A binding in p-shell hypernuclei, AHC and infinite nuclear matter. 
The study of Ali et al (1967) using a purely attractive Yukawa potential showed that 
the intrinsic range of the AN interaction of about 2.07 fm (intrinsic range for 2;r exchange 
is about 1.5 fm) is preferable and can be taken to be the same for both the singlet and the 
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triplet. They find that the same effective range parameters can be chosen for singlet and 
triplet (a, = a, = —2.0fm and ros = ''ot = ''=4.0fm). An equally good fit to the scattering 
data could be obtained with spin-dependent AN potentials with a hard core (rc=0.4fm) 
for an intrinsic range of about 2.07 fm. The scattering lengths obtained were insensitive to 
small changes in any hard-core radius. Down and Phillips (1965) and Herndon and Tang 
(1967) found that the fits required a range significantly larger than In exchange. They also 
found that the results are not sensitive to the size of the hard core. Ali et a/ (1967) pointed 
out that on the basis of their fit it is not possible to choose between a potential with hard 
cores and one without. These authors suspect that the value of the intrinsic range larger 
than that corresponding to In exchange may be taken as an indirect indication of the 
simulation of hard cores. From their analysis Herndon and Tang (1967) concluded that the 
presence of hard cores is not clearly established but there is some indication of their 
presence. Thus, even though one is inclined to expect the presence of hard or soft cores, 
there is no compelling and conclusive empirical evidence for them. 
Hard or soft cores are not expected to be probed at low energies, even though on 
theoretical grounds one expects them to be present. In the light of this, and because they 
have not been firmly established on empirical grounds, we use a phenomenological AN 
potential without hard or soft cores for the study of low-energy Ap scattering data and A 
binding in hypernuclei. 
In the present work, phenomenological AN gaussian potentials with possible state and 
spin dependence are used to analyse the existing low-energy Ap scattering data (atot and 
F/B ratio). The free-state two-body AN potentials do not give even a qualitative account of 
the BA data of the p-shell hypernuclei, ^He and A binding to infinite nuclear matter. 
Therefore, we examine how far the addition of a three-body ANN force of the type 
employed by Shoeb and Rahman Khan (1984) to the same free-state two-body AN 
potentials may account for the A binding energies. This study is presented in the next 
section. 
Not only our eariier analysis (Shoeb and Rahman Khan 1984) but also those of 
Bodmer et al (1984) and others (e.g. Gal et al 1978, Rayet 1981) have shown the 
importance of the three-body ANN force. There are also strong indications for the 
presence of three-body NNN force in studies of ordinary nuclei (Wringa 1983). Wringa 
(1983) analysed the binding energy (£) of the nuclei and infinite nuclear matter using the 
Table 1. The experimental and theoretical values of the binding energy of the nuclear 
systems. E/A denotes the binding energy per nucleon. 
Infinite nuclear matter 
Fermi momentum 
*He E/A (fm-') 
Experimental binding 8.48 28.3 16.0 1.3S 
energy, E (MeV) 
Calculated binding energy (Wringa 1983) 
(i)t 7.2 24.0 20.0§ 1.78 
Cu)X 8.2 29.6 14.7 1.43 
t Two-body NN force. 
X Including three-body NNN force. 
§ From Fantoni el a/(1983). 
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Urbana-type two-body NN potential. The results are given in table 1. We note from the 
table that inclusion of three-body NNN force brings about significant improvement. 
On the basis of meson theory as well as quark structure one would expect ANN and 
NNN forces not to be very different. On the other hand, we know from the experimental 
data that the two-body AN force is somewhat weaker than the NN force—a fact also 
understood from meson theory. Therefore, the relative importance of the ANN force in 
hypernuclei is that it is expected to contribute more significantly than the NNN force in 
ordinary nuclei. This has indeed been found to be the case (e.g. Shoeb and Rahman Khan 
1984, Bodmer el al 1984, Wringa 1983, Fantoni et al 1983). 
There is no particular reason for choosing the gaussian shape except mathematical 
convenience in the calculation of A binding energies. In any case, fits to the low-energy 
scattering data are not expected to be sensitive to the detailed choice of the shape. 
2. Calculations, results and discussion 
Recently we have pointed out (Rahman Khan and Shoeb 1986) that Ap scattering data 
consisting of the total scattering cross section (ff^ ,,) and forward to backward ratio (F/B) 
can be used to obtain, at a given low energy, s- and p-wave phase shifts. 
The Ap scattering data in the centre-of-mass energy range 3.7-17.1 MeV to be 
analysed consist of six data points each of fftot and F/B and they have been selected from 
the experimental work of Alexander et al (1968) and Sechi Zorn et al (1968). The data for 
these two quantities have been combined by Herndon and Tang (1967) to get a more 
accurate set. These data points for doi are the so called Weizmann-Heidelberg-
Maryland-IIT (WHMI) set and are shown in figure 1. The data points for F/B are shown 
in figure 2. 
The experimental F/B seems to be the ratio of the integrated differential cross section in 
the forward hemisphere (0 to iz/T) to th'at in the backward hemisphere (ji/2 to ;f). 
The A binding energy (BA) data of p-shell hypernuclei (table 2) and ^He are taken from 
the work of Juric et al (1973) and Cantwell et al (1974). We included only those p-shell 
hypernuclei whose core radii are known from experiment. These data points are analysed 
Figure 1. Total cross section for Ap scattering as a function of centre-of-mass energy. The 
theoretical curve corresponds to the potential parameter set A given in § 2. 
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Figure 2. Forward to backward (F/B) ratio for Ap scattering as a function of centre-of-mass 
energy. The theoretical curves for different parameter sets are labelled by the values of the 
parameter .r. 
within our earlier shell-model framework (Mujib et al 1979) where the nucleon and the A 
particle are supposed to move in oscillator wells of different frequency. The oscillator size 
parameters (tabulated by Mujib et al 1979) for the s- and p-shell nucleons of the core 
nuclei are those which reproduce the observed charge RMS radii with the appropriate 
corrections (i.e. finite size of proton and centre-of-mass motion) taken into account. The 
expression of the A-energy (—5A) for a central two-body AN potential of gaussian shape, 
independent of charge but dependent on spin and state (given below) may be taken from 
equations (4.1)-(4.8) of our earlier work (Mujib et al 1979). To evaluate the contribution 
of the three-body energy using the effective three-body ANN force of -^function type 
C a^ ='3(01 • 02)(»i • ^i)S{ri,^d(ri\) where the symbols have their usual meaning) we refer 
to equations (2.2)-(2.4) of Shoeb and Rahman Khan (1984). 
The potential parameters which fit the Bf, data are determined by a standard 
parameter-search computer program which minimises the usual x^ constructed from the 
5A values. For a given initial guess at the potential parameters, assumed to be the same for 
all nuclei, the computer program minimises the A energy (—5A) for each hypernucleus 
with respect to the independent variation of the A wavefunction parameter. The ;f^  is 
constructed, then the program proceeds step by step, varying one or more potential 
parameters simultaneously at each step in order to minimise the x ^- After each step the A 
particle energy is minimised with respect to the A wavefunction parameter. This process is 
repeated until we get the final values of the potential parameters for which x ^ is minimum 
together with the parameter of the A wavefunction for each hypernucleus, which in turn 
minimises the corresponding A particle energy. Until this stage the nucleon oscillator size 
parameter is kept constant at its mean value. It is now allowed to vary within the 
experimental uncertainty so that the whole of the above procedure is repeated for each of 
the values taken for the nucleon size parameter. We finally accept those sizes and potential 
parameters for which x^ is minimum. 
Employing the free-state two-body AN gaussian potential along with a ^function 
three-body ANN force used by Shoeb and Rahman Khan (1984), the A binding energy of 
nine p-shell hypernuclei (table 2), AHC (5A = 3.12 ± 0.03 MeV) and the A binding to infinite 
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Table 2. The results of the /^ fit to the B^, data (column (3)) for the potential parameter set 
All as defined in § 2. 
Results of calculations (set All) 
Experimentalt 
'A"Be 
'A°B 
VB 
'A^B 
13p 
A*-
'A*C 
'A^N 
9.30 ± 0.26t 
8.89 ±0.12 
10.24 ±0.05 
11.37 ±0.06 
11.69 ±0.12 
12.17 ±0.33 
13.59 ±0.15 
8.68 
8.45 
10.23 
11.29 
11.92 
13.15 
14.10 
Hypernucleus ^^(MeV) BA(MeV) x^ 
5.6 
13.3 
0.0 
1.6 
3.7 
8.9 
11.1 
t fiA(A'Li)= 5.58 ± 0.03 MeV; Bf^(XU) = (>.m ± 0.03 MeV. 
X The most recent value (Bertini et al 1981) of BA for this hypernucleus is 9.11 ± 0.22 MeV. 
However, this will not make any significant difference to our conclusions. 
nuclear matter are analysed using the framework described in our earlier work (Mujib et al 
1979, Shoeb and Rahman Khan 1984). The ;f ^  for the binding energy calculation, denoted 
by A:^(BA), is defined in the usual way. 
The two-body AN potential 
KrAN) = [Kui + 3Ul) - \{JU[ - Ul)c^ • ON] exp( - rks/a ^)/n"^a' 
of gaussian form (symbols have their usual meaning) with the restriction t/,°=(l —x)U°, 
^It = At s^?t on the parameters was used to analyse the data. 
The ff,ot data were analysed by setting the spin-dependent parameter jc = 0.15, 
consistent with the earlier work (Shoeb and Rahman Khan 1984, Bouyssy 1979). It turns 
out that, at the energies considered, almost the only contribution is from /=0, as expected. 
For the AN potential in the relative angular momentum state /=0, the best ;f ^  (defined as 
usual) fit to the fftot((A:o)iniii = 7.4) was obtjiined when the range a is enhanced by 10% over 
that of In exchange and the corresponding potential parameter set is 
(A) f/,° = -401.02 MeV fm' x = 0.I5, a=1.14fm 
(>'.=Jt=J'=0 fixed). 
The (7K,, curve for set A is shown in figure 1. The data are also explained well ((;ta)min = 7.7) 
for the set 
(B) t/° = -357.79MeVfm^ ;c = 0, a=1.14fm 
0'.=.Ft=>'=0 fixed). 
The theoretical curve of a^n for the set B coincides with the curve of set A in figure 1 and, 
therefore, has not been shown separately. 
As already pointed out, the /= 1 contribution to fftot is negligible and F/B is not known 
precisely. Consequentiy, we fix the /=0 part of the AN potential from set A (or set B) 
above and vary only JJ, i.e. the /= 1 part of the potential, to analyse the F/B data. The values 
of J=0.5-1.0 satisfactorily explain the F/B data without altering the fit of Oux to any 
significant extent. In figure 2 we show the theoretical curves for only three values of y, 
i.e. 0.5, 0.75 and 1.0, when set A is taken. For the choice of set B the curves are 
indistinguishable from those of set A in figure 2. 
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Without in any way altering the two-body AN potential obtained from analyses oi the 
low-energy Ap scattering data, the BA data are fitted by varying the strength of the three-
body ANN force alone. We have adopted this procedure to obtain some acceptable sets 
that fit the scattering and the B^. data. Some of these sets are described below. We have 
departed slightly fro»n the above procedure in respect of the last two sets (i.e. C and D) and 
have retained these despite the fact they do not give a good account of the F/B data as, at 
present, the latter are not good enough to warrant rejection on that basis alone. Thus there 
is a strong case for obtaining more accurate F/B data. 
Keeping the potential parameters t/° = (/° = -40l.02 MeV fm^ and x-0.15 from set 
A as fixed, the state-dependent parameter y is chosen to have the values used in analysing 
F/B data and our effective three-body ANN potential was added to fit the B\ of p-shell 
hypernuclei, from which ^Li was excluded in the light of our earlier analysis (Shoeb and 
Rahman Khan 1984). The strength t^ of the ANN potential was varied to fit the BA data. 
For the Xmm{B\) obtained, about 35% was being contributed by ALI alone. Therefore, as a 
next step, we further drop ALI from the fit and the strength 3^ was sought again. In principle 
one can obtain any number of sets differing in the positive values of y and ty. 
However, we quote the sets corresponding to the values oiy shown in figure 2, which are 
listed in table 3. As these sets gave almost equally good fits to the B^, data of seven p-shell 
hypernuclei we hst the results (table 2) for the set All where the value of j is consistent 
with our earlier work (Shoeb and Rahman Khan 1984). The predicted values of BA for /jLi 
and A Li are quite close to their respective experimental values. The DA for these sets lie in 
the range 37.0-40.0 MeV for Arp = 1-35 fm"'. The A in ^He was found to be bound. 
Essentially similar results for the B\ data are obtained when the potential set B is used. 
The A-binding energies in AHC and D\ agree qualitatively with their empirical values. 
As we have pointed out earlier (Shoeb and Rahman Khan 1984) this situation seems to 
arise because a two-parameter potential (e.g. gaussian) is not as flexible as the Skyrme-
type, which can simulate the desired features and is indeed found to give a better account 
of the B\ data. Therefore, one should have preferred to use a Skyrme-type AN potential. 
However, a Skyrme-type interaction cannot be employed simultaneously for giving 
scattering. 
We have obtained the other potential parameter sets starting with set B, which give an 
overall acceptable fit to the A-binding energy and Otot data with the possible exception of 
the F/B data. Since y is allowed to vary freely or in a certain range, we chose set B in order 
to reduce the number of free parameters; calculations may also be done for set A and the 
results are expected to be satisfactory. These sets have a strong state dependence or a 
strong spin dependence in the /= 1 state. A brief account of these potentials is given below. 
The state dependence parameter y was allowed to vary between — 1 to +1 and our 
three-body ANN potential was added to the free-state two-body AN potential to fit the B^. 
Table 3. Parameter sets corresponding to the values of >' shown in figure 2. 
Predicted values 
ofBA(MeV) 
Total ;fL (5A) of 
Set y rj(MeVfm') seven B^ data A^i /fLi 
AI 
All 
AIII 
0.5 
0.75 
1.00 
-507.86 
-545.90 
-576.96 
42.7 
44.3 
56.4 
4.51 
4.40 
4.33 
6.10 
6.02 
5.99 
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of eight p-shell hypernuclei from which only Jx,\ was excluded as before. The parameters 
corresponding to the best fit (;fmin(^ A) = 98.3) are 
(C) >' = -0.971 3^ = -296.52 MeVfm* 
(a = 1.14 fm, U° = (/,° = -357.79 MeV fm ^). 
The predicted value of B^{= 5.05 MeV) of lU is fairly good and Bf,{= 3.44 MeV) of ^He 
and the A binding to infinite nuclear matter (2)^ = 30.10 MeV; kf= 1.35 fm~') are also 
rather close to their respective empirical values. However, F/B turns out to be less than 
unity (figure 2), which is a somewhat unhappy feature, but the present F/B data are not 
reliable enough to be taken too seriously. Therefore, at present we retain the set. It is, 
therefore, highly desirable to obtain accurate F/B data. These are expected to be of great 
help in eliminating certain sets. 
Bando and Nagata (1983) have used a two-body AN potential with a spin dependence 
that is small in / = 0 but strong in /= 1. We have searched for a phenomenological free-
state two-body AN potential of the same type. Keeping the / = 0 parameters the same as 
those given in set B but allowing for strong spin dependence in the / = 1 part, the best fit 
parameter set for eight p-shell hypernuclei ( ; I :^„(5A)= 16.2) obtained by excluding ALI is 
as follows: 
(D) t/, '=-2.17(/s° /j = -275.83 MeV fm* 
(a=I.14fm, C4'= i/? = (/, '=-357.79 MeV fm^). 
The predicted value of fiA(AHe) = 3.71 MeV and BA(^Li) = 5.65 MeV for set D are rather 
close to the respective experimental values. The A binding to infinite nuclear matter comes 
out to be 26.0 MeV for fcp = 1-35 fm"'. However, this set also gives F/B less than unity. 
The theoretical F/B curve for this set is very close to that for the last set and has, therefore, 
not been shown. 
The effective range parameters for the sets associated with sets A and B have been 
calculated and are (in fm) 
SetA: a, = a, =—1.60 ros = ro, = 2.46 
SetB: a. = -2 .10, a, = -1.40 ros = 2.26, ro, = 2.55. 
These values are comparable with those found by others (e.g. Alexander et al 1968, 
Bamberger era/1973). 
We wish to point out that the three-body ANN force in all the sets and possibly the 
/ = 1 interaction in the sets C and D, which are not determined well by the scattering data, 
incorporate the effective features. It is also important to point out that the three-body force 
is an effective force which compensates for the elimination of the L (and £*) channel from 
hypemuclear calculations besides possibly simulating other small effects (e.g . many-body 
effects and the effects of short-range correlations). 
Thus it is possible to get phenomenological AN effective potentials that are same as 
the free two-body AN potential and apply to hypernuclei over a wide range of baryon 
numbers. Essentially the same thing is indicated by the recent work of Bodmer ei o/ (1984), 
although their analysis is confined to relatively fewer hypernuclei. In these respects, the AN 
potential differs from the NN case. However, not all the effective potentials being used are 
like those described above. For instance, the potentials (Shoeb and Rahman Khan 1984) 
extracted from the matrix elements of Gal et al (1978) and Lee et al (1970) etc, and many 
of our earlier potentials (Shoeb 1984, Mujib et al 1979), do not give even a qualitative 
account of the scattering data. 
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We expect that a more systematic and thorough search of the parameters would have 
led to somewhat better fits, but this was not seriously attempted. Also a more sophisticated 
calculation of SA using more realistic wavefunctions has not been attempted. Since the use 
of the model wavefunction also modifies the efTective interaction, it is expected that the use 
of realistic wavefunctions would bring the effective interaction even closer to the free AN 
interaction. 
We conjecture that the above situation for AN arises from the fact that for A, which 
is a fermion and thus different from nucleons, there is no restriction imposed by the Pauli 
principle, the restriction applying only to the scattered nucleon. It may well be that the 
shorter range and possibly also the weaker strength of AN interaction plays a role. More 
work is needed to fully understand the cause of the success of these AN potentials and to 
choose between the various acceptable potential sets. 
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Quantum 
Mechanics and the 
concept of God 
Mohd. Habeebul Haque Ansari*' 
IS^i^iAULANA Azad's great interest in 
pliiloMjpliy was apparent when he argued 
iihoni till- siniiiariiits between Aiu'.ient Greek 
and Indian philosophies ssnd even fch that 
the laitc!- had preceded and irillnenccd the 
foiiM r'. M.'iidan.i Azad had ,i frrlih- b ia in 
thn; v.ns ever open to fresh ideas. 
My ptnpose in writing the present article 
is to pie^nii the view as to how ( ind is beiiif; 
vif^ved loil.i} Ijy some philosopliers Croin the 
point of view of a tlicory of physics known as 
Qiinniiitn Meclianics^. 
It lias b>-cn well known thioiighoni thii 
ceiHiiry ihai laws of ordinary physics appear 
to fail in certain limits, as for cxatniilc inside 
an atom. What you require , instead, is a 
now kind of mechanics wJiich came to be 
called 'Quan tum Mechanics ' in the 1920's*. 
How does Quan tum Mechanics dilVei from 
ordinary mechanics ? First of all, the 
ordinary law of ar i thmalics and algcbia 
wliicli states that, for example , 3X-1 is the 
same as 4 x 3 , or)(5< y is the same as y><3f:doc3 
jioi hold good for quai t tuin mechanical 
qnaniitici like position (say q) or monicnium 
(say p}so that one has p q ^ q P — a strange kind 
of rule indeed. T h e n the entities of quan tum 
mechanics behave strangely in terms of 
physics also, in the sense tha t , foi rxantple, 
nn elc.cnoii will somclinie appear as a wave 
(i e., spread out in space and lime) but at 
other times as a point particle (localized to a 
poini i.e., a corpuscle;, dcpening on what 
insvnnncnv we use iI^ the exper iment , for 
nieasinrnient. But what is the electron 
'really' ? Localized in space and time or 
spreadout in space and l ime? Suiely, it r a n ' t 
be bnil: ai the same time. I n the 1920's 
this dilemma was rcsolvetl by the inicr-
prciaiion that the waves connecieil with 
panicles are actually waves o f ' p robab i l i t y ' 
so that ( |uanlum mechanics was taken as a 
theory which can only talk about probabilities 
•Dcparincc: o! Thysics, Muslim Uiiivci.s^i). Aligaili. 
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()f(\r;i!-, I/ip);ni,u» i l f imnini ' .m wliicli 
\v«s cliafnc.ictisiji: of Xcwioiuaii incijhanics 
anil M;ixu''il'.s clcc.irodynjiinics (llir ivvo most 
impvvi.'iiu ilicorics of cl;issic;il physics) had 
to hf i;iv«:a up .\m\ rciihiccd by llvi ciibcig's 
Miic-.crlaiiiiy principle a i r l Max B )rii"s pro-
babilities. It was Alljert lCiiiM<:i;i wh j 
()bjc!)ic(i to tliis loss of clear noiioiis as well 
.T.S of ilcfmiiciicss. H I S fain >LIS s iaicnei i i was : 
" 1 view q u a n t u m mechanics with aJinirai ion 
anil siHpioion". He felt quan imn mochanvcs 
faikd lo provide a co:nplcte dcscripiion of 
phyrical-ivstL'tii. However the world accep-
ted the probabilistic interpretation and was 
happy with the astounding successes that 
quantum ineohanics was iiaving when 
ualcuiaiions were, made Ujing it, in the most 
diverse fields of science. The attitude of 
nioji phv«i(i-;('; lia« l)ceii cliai .iciorizcd iii^this 
rtsijcct ns irisiriiiniMiialisin' uliich, however, 
rc.-i-.fiblc.i only ^iuperficially the. philosophical 
Man I l;!\OAii as povilivisiu or I'lgical einpiri-
c.i.a. (: iu>;is!n"5 of ihi-; aiiii.'.d'- were not 
\v;,-.r ill'.,'. i.):if •• •; :h s; m l id' nii!ki.l wiiii t!i-; 
n.T'Tir <if K M ! i'lipper wa; iliai of critical 
I a(i m ilisiu •">;• •fallibiliiin. \\!n<;h, ho'.vevrr, 
h;r- also been fi^nnri watuing. However, 
1';>;M"'' '• I'oif (.Cily <-mphasi7A\l ((uaniuin pro-
.') >i)i.'i: i'-; :r- p :opc isitics <>; p )!iMiiialiiies. 
I l l - s . ind that i^  lirvlinc; the greatest 
la\ ' ) ir n'lw a -days 'n :lia; of .\<M~K:alisin 
•or ih" -.loiiori of 'Veil:fl RcAli'.v";, and the 
ehii'l" <-\|i I;K'HI of this viivv in r|iiiiiiuin 
in'>!i i'lj.- torl.iy is one U-rn i-i! d 'Cipagnat 
o f '"•• . ' i i i>-<' . 
This is not the ocCHsion to go inti> deiails. 
As early as in 1935, Einstein had sui;g<sted a 
' ihonghl-cxpcrinicni ' in which nie;ivnicinrnis 
made on a system (consisting in itiiii of two 
sub-sysicms which, after n brief period of 
jntrrnct ion, were taken fur apar t ) could prove 
that q u a n t u m mechanics was ini-o'i pleie ;is a 
description of ' physical reality. By leality, 
Einstein meant something that could be 
predicted with certainty to be exist ing. 
Einstein argued that if.after separation, each 
of the systems can be taken in the above sense 
to' be real in its own place (i.e., locally) then 
a set of measurements can be so devised as 
to lead to violation of the principles of 
q u a n t u m mechanics, showing thereby that 
q u a n t u m mechanics was incorrect or ratlier 
incomplete. In the 19G0's one John Bt-ll' 
devised a theorem which made it ]iossiblc 
to do actual experiments in the laburalory to 
test KiuNicin's arguments. Siicli c.xfx liiucnis 
were done in ilie 70's and repealed iti the 
{50"s. T h e ,results .showed that quaiuitin 
mechanics was correct, implyiivj; ilirrcl)y 
that 1 cality was non-local. . Tliis is sciii to 
have far-reaching implications. It means 
that oiii- p irt of the universe c m iiillucucc 
another p a n , very fa raway, ins:aiit,uicously-
sometliiiig forbidden by our oidii iaiy ex-
perience wi;h light signals. 
T u a t cniiiifs iu ih- worUI a ie 'nou-.se|ia-
rable ' in principle, follows, in a way, al.-.o 
from the peculiar property of q u a i u u m states 
callctl stipcrposiiion. In other wonN, in tjtian-
tuiTi mechanics we have system that iniisi be 
desciibcd holi.'-'ically, i.e. a systems as s"ine-
Azad Academy Journal. May 1-31, 1995 
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ihirif,'more ihan ihr sum of its parts so that 
ihr iinivfisc 'esstniially, is an inicgratcd 
whole. Left lo themselves quantum sysiems 
drvrlopcd or evolved into states that wtre 
siipciposition of several basic stairs and were 
drsciibetl in terms of the pibobabilitjes with 
which the component states were represented 
in tiir superposed stale of the system. These 
probahiliiics could be interpreted as potenlia-
liiics or propensities that (he system could be 
found in the respective component states;. 
However, every lime an observation or 
niciisureinent is made, quantuni mechanics ' 
tcHs us iliat ilie supcrpo.scd s\:>ic is reduced 
abruptly, in a mysterious way, into any one 
anioiigsi lilt- component states. This measure-
nient coiresponds to an ob.seivabic event—it 
is aji actualization of one of the several possi-
ble potciuialiiics." All the other proba-
bilities for states not observed are wiped out, 
and, left to itself, li.c system • again evolves 
into a new set of probabilities of component 
stales describing the new superposition, etc. 
Now this reduction is a strange process—it is 
instantaneous and it is acatisal (and therefore 
not reducible to any known physical cause). 
At the same time, the reduction is to a 
state which is one of the stable stales. It is 
claimed that stability is tantamount to 
providint; order and meaning. Thus 
the quantum mechanical seenario is that 
some global agency, in a way rssentialiy 
unknown to physics, creates local order and 
meaning in the world, by selecting, by its 
choice, one out of several poteniialiiics or 
propensities that had developed quantum. 
mechanically up to the lime'iof ncniali7;aiios>. 
This 'reduction of the wnvc-packei', as it Was 
called in the twenties, was-such a puzzling 
feature then that one of the founders of quan-
* turn mechanics, namely Erwin Schrodiuger, is 
reported to have said: ' i ' l f wc arc going 
to have this. reduction of wave-packet, 
I am sorry I ever got involved". . However, 
,iiow in the 1990's we can begin to sec 
the significance of this reduction. It is a 
: 'pointer that there is some agency that is 
rcsponsidle for the choice of what i% 
actualized from what develops as multiple 
potentialities or propensities. Wha tbctter 
name can be given for such an agency 
than that of God to whom such acts have 
been traditionally aliribiued, a nation arrived 
at by powerful intuition in the past by seers, 
only to be re-discovcrcd in this, peculiar 
fasl'.ion by quantum mechanics in the 1990's. 
Let it be clearly understood that gauged by 
its extremely wide applicability from the atom 
to the universe, quanlun\ theory is rightly 
claimed to be the most successful llieory 
about nature ever devised. . A u d i t is this 
iheoiy of physics which, in its ontological 
interpretation, is pointing to the existence of 
God, as it stands today. . , 
Maulana Azad, had he been alive, would 
have favoured these developments, forhe belie-
ved in progress. The Cartesian thesis separa-
ting mind from matter leading to a mechani-
cal view of the universe.in which man appea-
red also to be a cog iii a machine leading to 
so mucli di.scontent W i t h science in our litne 
May 1—31, 1995, Azad Academy Journal 
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must have tlisniaycd liim. The new holislic 
<Hi;inuui) conccpi of the universe in whicli 
nuiicl ;iiul ntattcr iu>- Mrangcly being fused 
togcihci .iiul a pisicc is being found for God 
wlio, wliilc being onniiprcscni, is at ll>c 
s;\iiic liiuc 'closer than your chief aricry to 
yc)\i', ciui help n>ake science a powerful source 
of < veil I lie .spiriuial rcgencraiion of mankind. 
]i i, well lo dedicate th(-.e ihoughi j (o 
pristine memories of stalwarts like Maulana 
Aznd who stood.for scicuiiGc progress duty 
tampered with spirituality, and for a humane 
and harmonious approach tpwards nian ' and 
natuic. 
, , / Even a.quantum, theory of conscioustiess 
is now in the offing^. Wc.can expect iporc of 
these successes in the future. 
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MOHAMMAD HABEEBUL HAQUE ANSARJ 
ISLAMIC BELIEFS AND MODERN SCIENCE-A CRITICAL 
VIEW 
INTRODUCTION 
The need to examine Islamic beliefs in the light of growing awareness 
of science is not new in pur recent history. More than one hundred 
years ago, Sir Sayyid Ahmad Khan (1817-1898), founded the sci-
entific society, first at Ghazipur and-then at Aligarh (1864), and 
started the Mohammedan Anglo-Oriental College (1875) which later 
grew to become the Aligarh Muslim University in 1920. R^aja Ram 
Mohan Rai, Dwarka Nath Tagore, Keshab Chander Sen and others 
in their own ways had already overcome the initial difficulties of 
spreading modern education in India. Sayyid Ahmad Khan also 
founded the Mohammedan Educational Conference in 1886 to pro-
mote awareness of need for modern education among lay Muslims, 
and from 1870 onwards, he also brought out a magazine called 
Mohammedan Social Reformer. Sir Sayyid has been described as 
rationalizer of Islamic beliefs,' and as having started a movement 
of sorts in modern India for comparative study of religions, as well 
as of laying the foundation of a new theology in Islam suitably taking 
facts of contemporary science into account. 
After Sir Sayyid, the two names of Sir Mohammad IqbaP (d 
1938) and Maulana Abul Kalam Azad^ (d 1958) need to be mentioned 
for their rationalist contemporary interpretations of Islam. Iqbai 
himself may have been influenced among others by Shah Waliullah 
and Jamaluddin Afghani. Unlike Sir Sayyid, however, while Iqbal 
spoke forcefully in favour of rationalisation and pan-lslamism, Azad 
was a faithfii! adherent of the Indian National Congress with its ideals 
of secularism, socialism and democracy. 
Looking at the last hundred years of our history, at least three 
things occurred that can be taken to be representative of development 
in that time. Firstly, this country achieved political freedom from 
the clutches of a foreign power. Secondly, two very important new 
theories of physics (namely the Theory of Relativity (1905, 1915)* 
and Quantum Theory (circa 1900-27)* arose and have been widely 
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applied. Thirdly, under the general banner of communist ideology, 
Marxist-Leninist thoughts became influential on a global scale and 
more or less radicalised history every where for almost a century 
and continue to do so in some parts even now. 
The importance of the country becoming free lies in this that 
free citizens of a free country can assess Uieir difficulties and their 
capabilities in an unhindered way and they do tiiat because before 
them lies the important goal of nation-building. 
On the other hand, physics is important because it has a basic 
position amongst the various natural sciences and is taught quite 
generally so that it can not but impress itself on the minds of young 
persons by its teachings and its methodology. 
The Marxist-Leninist theory of communism regards religion 
rath^ indifferently, if not positively derisively.*"'Writing in 1905 
in Novaya Zbizn, Lenin says: 
'...the proletariat will wage a broad and open struggle for the 
dimination of economic slavery (which is) the true source of the 
religious humbugging of mankind.' 
Thus, in comparison to religion, if a preference has to be made, 
then Lenin, in no uncertain terms, is for preferring science to 
religion, and for identifying Marxism with what he calls scientific 
socialism. 
* Marxism has always regarded all modem religions and churches, 
and each and every religious organisation, as instruments of 
bourgeois reaction that serve to defend exploitation and to 
befuddle the working class.* 
In what follows I attempt to try to tdce a contemporary view 
of Islamic beliefs in the light of modem consensus in science, and 
I do that by specifically selecting four topics of common interest 
to both Science and the Quran,- and endeavour to juxt^se views 
of what I call a scientist-disbeliever p? Islam against the views of 
what could, perhaps, be describe as a good and believing Muslim 
of today. The four topics themselves can be discussed under die 
following headings: i 
i) The Account of the Creation of the Universe 
ii) The Age of the Prophet Noah 
iii) The explanation of the 'Shooting Star' phenomenon, and 
iv) The Description of the Universe as Seven-Heavened. 
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Let US look at the view on these topics, one by one, of the 
scientist-disbeliever first. 
Views of the Scientist Disbeliever: 
(1) According to both the Old Testament'" and the Quran" the Earth 
and the Heavens (Skies) were 'created' in just six days. There are 
several verses to this effect in the Quran, which, to the believer 
is the word of Allah Himself, and can not but be 100% 'true'. A 
typical one of these verses would, for example, read as follows, 
viz: 
Your Lord is Allah, who in six days created the heavens and the 
earth and then established himself on the Throne.*^ 
Identical or similar verses can be found at numerous places in the 
Quran, as for example, when we read: 
Your Lord is Allah, who in six days created the heavens and the 
earth and then established Himself on the throne, regulating all 
things." 
or 
He it is who made the heavens and the earth in six days...** 
or 
He it is who in six days created the heavens and the earth and all 
that lies between them...^_ 
or 
It was Allah who in six days created the heavens and the earth and 
all that lies between them....* 
or 
In six days we created the heavens and the earth and all that lies 
between them..." . . 
or 
He created the heavens and the earth in six days...." 
A similar account of a six days creation of die universe is to 
be found in Giapter (I) of the First Book of Moses, called Genesis, 
in the Old Testament part of the Bible. Thus Chapter Q) of Genesis, 
for example describing the various activities during the creation of 
the universe, finally ends with the words: 
And the evening and the morning were the sixth day, while the 
immediately next chapter viz. chqpter (II) begins with the words: 
ISLAM AND THE MODERN AGE 253 
MOHD. HABEEBUL HAQUE ANSARI 
Thu^ »;.e heavens and the earth were finished and all the host of 
them, 
and continues: 
And on the seventh day God ended his work which he had made, 
and he rested on the seventh day from all his work which he had 
made, 
and so on. Thus it is clear that both the Bible and the Quran are 
in agreement that the universe was created in (as the verses quoted 
above show) six days. 
On the other hand we have the contemporary scientific view of 
the creation of the universe. For example, the Big Bang Theory of 
modem Cosmology would have us believe that about 20 billion years 
ago a small cluster of high-density plasma began to expand explo-
sively with electrons and nucleons emerging from photons and 
neutrinos." As the universe cooled, light and then heavy atoms were 
formed. The forces of gravity made possible the formation of proto-
stars, stars, galaxies and clusters of galaxies. On high gravitational 
compression the temperature of a star can rise upto a level where 
thermonuclear processes can occur. These processes^ are responsible 
for nucleosynthesis and lead to further evolution of stars and result 
also in cataclysmic explosions, such as the supernovae.^ The Sun 
is a star and is also in a certain stage of evolution. The formation 
of planets, including that of the earth is also due to accretion of 
matter particles, not unlike the development of the Sun. As presently 
understood, the Earth has existed for about 4.5 billion years, \yhile 
living organisms originated on the Earth about 3.5 billion years 
ago.-' The primitive atmosphere of the earth was a reducing atmo-
sphere. The present day oxidative atmosphere of the Earth is un-
derstood to be of biogenic photosynthetic origin.^' Organic com-
pounds formed under reducing conditions in the presence of energy 
sources. The first stage of prebiotic evolution was the synthesis of 
monomeric organic compounds under far-from-equilibrium condi-
tions. The next stage must have involved polymerization and poly-
condensation of monomers, the formation of polypeptide and poly-
nucleotide chains. These primary polymers could form themselves 
into microspheres or coacervates giving rise to a compartmentation. 
At about that time a catalytic interaction must have taken place 
between polynucleotide and polypeptide systems, and the switch to 
biological evolution is probably associated with the origin of a 
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genetic code.^ Man can be said of all this, it seems highly improper, 
and very unscientific to say that all this was created in six days. 
By 'day' one can not take to mean a 'stage' by any means nor is 
it proper or correct to talk of only six stages in this connection. 
(2) The Quran says: 
We sent forth Noah to his people and he dwelt amongst them for 
one thousand years, less fifty." 
In Chapter (IX) of Genesis in the Old Testament we find, similarly. 
And all the days of Noah were nine hundred and fifty years: and 
he died." 
The Old Testament gives ages of about the order of a thousand 
years each to Adam, Noah etc.^ Family trees are also given along 
with individuals' ages. By putting together the ages and family trees 
thus, the creation of universe itself should have occurred only about 
5-6 thousand years ago from now. However there is no evidence 
of ages of the order of about a thousand years from paieozoology, 
or ancient biology and the physiological structure of homo sapiens 
also rules out this possibility for now as well as for the past. As 
we have stated earlier man did not come into existence merely five 
thousand to six thousand years ago. It can, of course, be believed 
that a particular kind of civilized living may be taken to have started 
five to six thousand years ago but it is not correct to say that it 
is the age of the coming into being of Adam. Nor is it possible 
to believe that like the Pharoahs of Egypt, or the Dalai Lamas of 
Tibet, Noah was the name, not of a single individual, but of a 
designation or a pot. Even so the conjecture that would then seem 
more true would be that just as the Quran, when it talks of the 
Pharoah, means a particular Pharoah, namely Ramases the Second, 
so by Noah it must mean a particular individual only. It can not 
be accepted that Noah's age was around a thousand years or that 
the world was created only five to six thousand years ago. 
(3) The Quran mentions the 'falling stars'at several places. The 
explanation it provides is that devils try to eavesdrop on God and 
are chased away by firey missiles. This is so, for example, in the 
following verses of die Quran: 
And (thus the devils) cannot listen to the Exalted Assembly but are 
pelted from every side. Theirs is a perpetual torment: excqX him 
who snatches away something and gets pursued by a shining 
flame.^ 
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or 
We have adorned the lowest heaven with lamps, missiles for 
pelting devils. We have prepared a scourge of flames for these.'^ 
or 
(The J inn also said) 'We made our way to high heaven and found 
it filled with mighty wardens and fiery comets. We sat eavesdrop-
ping, but eavesdroppers find flaming darts in wait for tbem.^ 
In actual fact, innumerable meteors enter and get burnt in the 
earth's atmosphere daily and only a few of the bigger ones amongst 
these are bright enough to become visible under suitable ckcum-
stances. The phenomenon has to do directly with the earth's motion 
round the Sun and the motion of the Sun, along with its planets 
(and their satellites) across the expanses of space. Man-made sat-
ellites and rockets, can, upon entering the atmosphere from outer 
space, similarly get hot by friction and bum and glow just as do 
the falling stars or meteors. It follows that Ae phenomenon of the 
so-called falling stars or meteors is a controllable aa which has 
nothing whatsoever to do with devils etc. 
(4) The Quran at several places mentions the seven heavens as for 
example, in the following verses: 
'He created for you all that the earth contains, then ascending to 
the sky, fashioned it into seven heavens'." 
'We have created seven ways (heavens) above you."" 
'In two days, He ordered them seven heavens and to each heaven 
He assigned its tasks.'" 
'He created seven heavens, one above the other."' 
'He created the seven heavens one above the ether, placing in 
them the moon as a light and the sun as a lantern."' 
'We built above you seven mighty heavens..."* 
It is implied that by universe one means Ae earth, seven heav^is 
and all that lies between these. The propagation of the Quran started 
in the seventh century A.D. Almost a thousand years before that, 
during the fourth century B.C. already, a dominant view prevailing 
in Greek Cosmology was that around the earth were several spherical 
'heavens'. Of these, every 'heaven' or'sky' was characterizwj as the 
pathway for specific planets, the moon or sun etc. That is to say 
that it was as though the moon was moving round the earth on one 
sky, the sun oh anoflier sky, and on yet another sky some other 
256 NOVEMBER 1992 
ISLAMiC BELIEFS AND MODERN SCIENCE: A CRITICAL VIEW 
planet and so on till the farthest sky, which was the sky of tlie so-
called fixed stars. The earth was thought to be the centre of the 
universe. After only about one thousand years of the start of the 
preaching of the Quran was it possible to know for a degree of 
certainty that the centre of the universe is not earth at all but that, 
locally speaking only the moon is revolving round the earth, while 
the planets, alongwith their moons, were all revolving round the 
sun. These planets of the sun, it was found, were nine or ten in 
number. Not only this, but according to astronomy and cosmology, 
in our galaxy or milky way there are billions of suns like our sun, 
^ d in the universe as a whole there are millions of galaxies which 
are all more or less of the same average size, and the mutual distances 
between them are of the same order as their sizes. In this way. as 
far as one can see, there spreads out a continuous succession 6f 
galaxies which presents a picture of a progressively and continuously 
expanding universe all round us. Under these circumstances who 
can place one's faith on seven heavens or skies when even this is 
known that the blue colour of die sky is merely* the optical result 
of the scattering of sun's light from the particles of atmosphere'' 
and there is nothing called a heaven or a sky at all. The theory of 
the seven heavens is almost as outdated and misleading, if not more 
so, as was some of the Greek physics and it bears no relation to 
reality by a long margin. 
The Good Muslim's View: 
Disregarding the above as materialism and one-sided rationalism, 
the 'good' muslim first cites some of the numerous verses of the 
Quran denouncing disbelievers in strong terms^, and then quotes 
this following differentiating verse, namely 
'It is He who has revealed to you the Book. Some of its verses are 
precise in meaning; they are the foundation of the Book - and 
others allegorical. Those whose hearts are infected with disbelief 
follow the allegorical part so as lo create dissension and to 
interpret it. But no one knows its interpretation except Allah. 
Those who are well-grounded in knowledge say: 'We believe in 
it, it is all from our Lord". But only the wise take heed.'" 
The good Muslim had before him the following verses of the Quran: 
Those that deny Allah's re\elations shall be sternly punished." 
Who is more wicked than the man who invents a falsehood about 
Allah or denies His revelations." 
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When you sec those that scoff at our revelations, withdraw from 
them till they engage in some other talk.* 
He then recounts what to him are the basics of the Islamic 
religion, as follows. 
The Muslim believes that Allah is the Creator of angels, Satan, 
man, universe, everything. It has been the characteristic of human 
nature that it could be led astray by Satan. Even though Satan is 
a rebel against Allah, he has been permitted by Allah to try and 
lead man astray. At the same time, in order to protect his good 
followers from Satan's tricks, Allah has been sending guidance and 
advice. These words of guidance were sent through angles as 
revelatioi\s to prophets and were collected in the form of divine 
books. Hazrat Mohammad was the last of the prophets and Islam 
was the religion of truth and the compl^on of beneficence. Islam 
is superior to all other religions. Allah is Almighty, and if guidance 
and grace is from him so is misguidance and disgrace also from 
him. If someone is a disbeliever, he is a disbeliever because Allah 
willed it so. 
Each person is responsible for what he does. On the day of 
judgement dead bodies will be resurrected and accounting will take 
place. With everyone full justice will be done and he or she will 
receive reward or punishment according to what he or she did. Good 
people will go to Paradise and the bad people will go to Hell which 
are, respectively, the places of Allah's reward and punishment. 
Allah the Most High likes honest, righteous persons practising 
good deeds, patience, ^ankftilness and continence; He does not like 
disbelievers practicing wickedness or lewdness and does not forgive 
those that associate other gods with him. A good Muslim is very 
punctilious in giving to others what is rightfully theirs; he serves 
his parents, helps helpless people and the poor among his relatives; 
is a support to tiie needy, prov'ides hospitality to the wayfarers away 
from their homes, is concerned about welfare of neighbours and 
bears an admirable attitude towards those working under him. A 
good Muslim has nothing to do with foul and provocative utterances 
or gory sports smacking of inhumanity and inequity. A good Muslim 
is not riotous, does not overstep his limits, is punctual in observances 
of prayers and fasting and is" used to doing every work just according 
to the liking of Allah. A good Muslim is continent and is thanks 
giving; neither does he spend excessively nor is he miserly but 
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spends according to Allah's commands. A good Muslim strives and 
exerts himself to the fullest in the way of Allah with his property 
and his life so that he is counted amongst the good believers in the 
end. While a good Muslim considers worldly existence to be of 
little consequence or duration and considers the final reckoning on 
the Day of Judgement to be everything, he at the same time is always 
praying before Allah that he may be able to walk on the right path 
and that Allah may grant him the ability to be nice and to do nice 
works always. 
Having thus outlined what he thinks to be the essential content 
of Islam the good Muslim asks how is it possible for anyone to have 
faith in Allah, angels, hell, the jinns and houris etc. unless he 
believes in the unseen. In the Quran it is stated in the very beginning 
that: 
This Books is not to be doubted. It is a guide to the righteous, who 
have faith in the unseen../' 
We find fiirther that: 
Allah alone has knowledge of what is unseen in the heavens and 
in the earth.*^ 
and that: 
He (i.e. Allah) is knower of the unseen and seen." 
At another place in the Quran, the prophet is made to say: 
I do not tell you that I know the unseen (except for^^t Allah 
has revealed to me).** 
The prophet is instructed as follows in the Quran: 
Say Allah alone has knowledge of «diat is hidden...*' 
From these verses it follows that it is not fair for us the obedient 
to claim to be knowers of die unseen but that we should have faith 
in the unseen. If you can have no faith in the unseen you can cot 
be a Muslim. The very first part of having faith in the unseen is 
to believe in Allah. The noble Quran says: 
•His (i.e. Allah's) are tiie most gracious names. 
Fact is, either as the First Cause or the Unique one, the 
everlasting one or as the Supreme Judge or the Omnipotent or the 
Onuiiscient, in any one of Aese ways you can try to identify Allah 
for yourself. 
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Once YOU have had faith in Allah and agree about his charac-
teristics then there will be no difficulty in believing in angles, Satan, 
day of judgement, life after death, paradise and hell. A proper belief 
in Allah is, in a way, the root of all faith. 
Tlie believer then takes up the criticisms of the four issues 
referred to earlier, viz. the criticisnis of the six day creation of the 
universe of the more than 1000 years' age of Noah, of the seven-
heavened universe and of the felling stars, and contends that if, from 
these, you subtract the admonitory aspect then you are left with 
nothing but allegories. The arguments that he advances can be 
summarized as follows: 
(1) Regarding the six-day-creation of the universe one should re-
member that the Quran uses the word yaum or day here. Now, when 
the Quran talks of the Day of Judgement, it says e.g. in verse 32-
5 that it will be a day whose duration is a thousand years by your 
reckoning, or, elsewhere talking of the ascent of angels etc. as 'one 
day, the measure of which is fifty thousand years', as in verse 70-
4. Let those that want reflect carefully as to what these words could 
mean. By the theory of Special or Restricted Relativity itself, it is 
more befitting to talk of relative time rather than of an absolute time. 
For example, if of two twins, one stays on earth and the other flies 
with speed comparable to the speed of light to some distant star 
system and then comes back on his rocket in the same way, then, 
for example, while the brother that remained on earth would have 
aged by as much as thirty or forty years. In the limit of an observer 
travelling with the speed of light, time, as it were, comes to a stand 
still whereas die stationary observer goes on aging in the same way 
as before. So when you talk of six days it could mean just about 
anything whatsoever. Moreover when we talk of a day, then what 
can we, who are here, now take to mean by a day of the remote 
time corresponding to the beginning of the universe when even the 
earth was not there. 
Secondly, one may ask, how far are these cosmological extra-
polations justified in this case? 
Thirdly, one could ask, how far is the axiomatic basis of the 
Special Theory of Relativity itself 'rational' or 'logical'? 
Fourthly, the question arises, if there is no theory of cosmology 
of the creation of the universe other than Ae Big Bang Theory? It 
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is well that there has been an alternative in terms of the Contiouous 
Creation Theory which too can be brought to be in agreement with 
the General Relativistic Equations, and has to date not been com-
pletely rejected.*^ In other words more than one cosmological tfieo-
ties or models exist, and one can not take a single model only to 
be the truth beyond all doubt i.e. as absolute truth. This shows tibiat 
physical theories of the creation of the universe can indeed bie 
controversial, i.e. on which there can be more or less scope of d^ate 
and discussion.'" " . 
Not only this but the believer goes on to elaborate how he thinks 
the scientific disbeliever is after only die 'allegorical' verses. He 
asks if mathematical numbers can be taken never to lie. In order 
to make his point he adduces the following humorous situation. 
Suppose that a man working by hinr^ elf can build one house in six 
raonUis, then by the so-called method of Unity, it should be possible, 
for example, lor about fifteen and a half million people to tuild 
that same house in something like one second; but does that actually 
happen? Then what is the 'truth' and what is 'falsehood'? Of course, 
if the situation permits application of a mathematical model then, 
and then only, can we justifiably say that the results deduced from 
that model are correct in that situation also. However, reality can 
neither be described by Mathematics alone, nor by Physics alone. 
One can make approximate models of reality and can try to find 
out the limits in which these appear to be true. One can go further 
than that and say that Truth and Reality would be taken to mean 
something by religion, something else by mathematics, and some-
thing still else by physics and so on. Like truth, methods of 
verification of truth can also be diff^^nt. 
Finally, while on the subject of logic and rationalism, one can 
not but mention the oft-quoted theorem of logic known as Godel's 
proof. Use of mathematics to deduce results constitutes an ^proach 
involving tautologies. Therefore, logically speaking, the truth or 
falsehood of a deduced result depends on those suppositions or 
axioms which are assumed as basis at the beginning of deduction 
or argument. This fact points to the great importance of axioms in 
any mathematical logical argument. According to Kurt Godel, a set 
of mathematical axioms can not be consistent and complete at the 
same time; that is to say that if it is complete then it will not be 
consistent and if it is consistent then it will not be complete. Now 
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' lathematics provides the logical syntax of physics and we see here, 
because mathematical deductions constitute tautologies, therefore the 
truth or falsehood of physical theories depends rather fundamentally 
on the logical truth or falsehood of axioms on which the theories 
rest, and about axioms it is an established fact that they can not 
be complete and consistent at the same time. As far as rationalism 
and logical deductions are concerned this seems almost to be the 
end of the road. 
(2) About the nearly thousand years' age of Noah, the believer again 
points to the allegorical sense of the words in Quran. A thousand 
years is just a very long time by implication. In other words, just 
as, if one hears it said that X is red with anger (or is green with 
envy or is a blue-blooded person, .etc.), then one does not bring 
instruments to measure colours or gives mathematical arguments and 
declares that the above statements are nonsense, so when the Quran 
says Noah preached for over nine hundred years and yet his people 
listened not to his admonitions, one does not seek to weight and 
measure the nine hundred years and declare it nonsense. It is to be 
remembered as to what is the nature of the topic being discussed 
so that one approaches it with an appropriate sense of understanding, 
otherwise guidance and admonition which are the intentions behind 
the discourse will not reach one. This is true not only here but quite 
generally. 
(3) As regards the seven heavens it has been acknowledged already 
that for quite sometime the earth and the seven heavens and all that 
lies in between them was taken to mean the whole observable 
universe, so that if by seven heavens one takes it to mean the whole 
observable system of moon and the stars etc. then one will, instead 
of being mislead, find the'Quranic verses to be full of astonishment 
and unending interest, and will be suitably admonished as to how 
this farthest reaching universe spreads out and shines forth before 
us in all directions. 
Some say reality is objective while others assert it is subjective. 
In existentialism, Karl Jasper" says that reality is neither objective 
nor subjective but is the.result of interaction of the self with the 
universe. In Qurantura Mechanics, Measurement implies information 
obtained from the interaction of the physical system being measured 
and the instrument of measurement. The principle of indeterminacy 
or uncertainty, limits the accuracy of measurement in quantum 
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mechanics. As regards this principle of uncertainty, it is said that 
the whole of quantum mechanics rests on the very same principle 
of uncertainty, and quantum mechanics is one of the two principles 
or key theories of contemporary physics. The day anyone can prove 
that the principle of uncertainty is false will be the day of super-, 
session or declaring void of quantum mechanics.* But even s^art 
from the consideration of whether reality is the product of interaaion 
of the subject and the object, it is clear that there is a considerable 
difference between the Quran and the specialist treatises of Physics 
or Engineering. How can one view both these as one. So finally, 
if one remembers this distinction and also that the allegorical verses 
of the Quran are not the main verses of the Quran one can go beyond 
doubts and hesitation and become able to derive full benefit from 
Quranic advice and guidance. ',. 
(4) If one has come to believe in the hidden or die unseen, and 
approaches Quran with sincerity of heart and good intents then the 
objections about descriptions involving Satans etc. would disappear 
automatically. V/hen Allah is Almighty then can he not get his 
designs fulfilled by using us or through us. Of course, he can. In 
this way or in one of the other ways as outlined in the arguments 
above, one can arrive at the proper meaning bdiind the verses 
referring to falling stars in the Quran. 
Before ending, the believer recalls tiieories about the develop-
ment or evolution of science. He says that the progress of science 
is through the action of conjecture and refutation or through inspired 
guesses. The conjecture-refiitation argument is stated also by dia-
lectic materialists." Moreover, according to dialectic materialisin, 
matter, while being a thing absolute is at the same time, infinitely 
knowable.'^ In other words science will keep advancing, expanding, 
changing and the sum total of human knowledge will keep on 
evolving all the time. In view of these, one tiling is certain and that 
is that at least scientific theories can not be taken to be the absolute 
truth or the fuial word. 
CONCLUSIONS 
Looked at objectively, Islam, as thought system has elements 
of Hebrew mythology and theology alongwith Christian eschatology 
combined with specific notions borrowed from Ancient Greek sci-
ence and philosophy'^ fitted together quite creatively with experi-
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ences of Arabian desert and expressed in fluent Arabic language. 
In so far as it is possible to criticize any or some of these component 
elements, it is possible objectively also to criticize Islam. 
It may be that like material and emotional needs, human beings 
need ideas like God and communaliQr for psychological reasons. A 
lot of work has to be done to bring out the truth in this regard. 
Hie reductionist argument tries to reduce all knowledge to science 
and all science to physics and all personal and social conduct to 
pure morality. The truth or otherwise of this posture needs further 
examination. Positivism and Neo-positivism in philosophy of physics 
is under attack from many quarters. Even neo-realism is being 
questioned. The study of physics, while providing many of the 
answers to fimdamenta] questions about the universe, leaves many 
questions unanswered about consciousness and the complexity of the 
himian mind.^ 
The believers must deserve all CTedit for preserving the Quran 
in its original version intact so that its verses can be studied as was 
done in diis paper. When all is said and done I think the Muslims 
must be prepared today to reconsider some of the ideas contained 
in die Quran. The repeated appeal to reason in the Quranic verses 
is much emphasised by Muslims today (especially in scientific 
meets). The Quranic message, however, is a complex mix and one 
should not be so simple as to believe or preach that the Quran wants 
everyone to learn science and philosophy while at the same time 
repeating every day that every word of 'science' contained in the 
Quran is itself absolutely coiTect. As can be seen, such a posture 
can lead people into serious difficulties. 
Furthermore, it is clear that traditional religion ultimately goes 
beyond the reach of reason and emotion and rests finally on faith. 
But then faith without reason is arbitrary. So in Islam rationalism 
is invoked, as in Greek philosophy to buttress faith. However, reason 
is a desultory guide indeed and th'^ re can be innumerable instances 
where science and religion can appear to be in conflict just as there 
may also be some points ^ here they seem to agree, as for example, 
in the ultimate faith that reality is something larger than what is 
perceived by human senses directly. 
One positive aspect of the conflict and crisis outlined in this 
paper is the need for periodic integration and synthesis within one 
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particular science as well as between different sciences.^' Indeed' 
different sciences are united by the commonness of their object of 
study. In the words of Max Planck: 
'Science is an inwardly coherent whole. Its division into separate 
fields is determined not so much by the nature of things, as man's 
limited cognitive capacity... In reality, there is an unbroken chain 
which runs from Physics and Chemistry through Biology and 
Anthropology to the social sciences, a chain which cannot be 
broken at any point, and that only arbitrarily.* 
Finally, we can say in conclusion that with the spread of 
education and science, certain aspects of religion may lose their 
infallibility but certain other aspects as, for example, those dealing 
with goodwill to others, or communion with God, will continue to 
be important, and, in such a process, Islam can not remain an 
exception. 
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